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ABSTRACT 


The primary objective of this study was to examine 
the economic feasibility of agricultural water projects 
specifically designed to expand foodgrain production and 
labor employment in Ethiopia. 

The nature, magnitude and implications of tne food 
and unemployment problems in Ethiopia are analyzed in some 
detail. The role public investment can play in developing 
and making water available for a range of agricultural pur- 
poses including irrigation, livestock water supply and 
rural household water supply is examined both theoretically 
and empirically. Neoclassical theory of production and 
public investment theory provided the theoretical under- 
pinnings of the study. Recursive programming and benefit- 
cost analysis were employed to conduct the empirical 
analysis. Data were analyzed for representative areas of 
the two major agro-climatic regions of Ethiopia. 

The first project area is the Megecn River area 
located in the Abay River Basin. It encompasses 5,890 
hectares of irrigable land. This area was selected to 
represent the highland regions of Ethiopia. The initial 
capital requirement of this project was estimated at E— $2.1 
million (1970 dollars) with E $1.4 million being required 


annually over the first ten year expansion period. ihe 
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economic feasibility of this project was analyzed under 
three different strategies. Under its most desirable 
strategy, the Megech Project yields an internal rate of 
return of 17 percent over a 40 year planning horizon. The 
project will break-even at the end of the sixth year. Cash 
flow discounted at 10 percent shows that the project has a 
pay-off period of 14 years. 

After full development, the Megech Project could 
produce an estimated 22,975 tons of foodgrain annually, 
roughly a two-fold increase over the annual level of produc- 
tion that would be expected under improved practices with- 
out the project. The direct permanent employment effect 
of the Megech Project is estimated at 4,672 persons as com- 
pared to 4,493 persons under improved practices without the 
project. 

The second project area is the Kesem River area 
located in the semi-arid plains of the Middle Awash Valley. 
The project area covers 5,650 hectares of irrigable land. 
The initial capital requirement of this project is estimated 
at E $2.4 million. About E $1.0 million would be required 
in annual capital outlay during the first ten year expansion 
period. 

Analysis of the rate of return shows that the Kesem 
Project has an internal rate of return of 27 percent over 


a 40 year planning horizon. The project will break-even at 
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the end of the fifth year. Cash flow analysis discounted at 
10 percent indicates that this project has a pay-back period 
of 11 years. The successful implementation of this project 
can add up to 24,577 tons of foodgrain to the nation's 

food supply annually. It also has the potential to gene- 
rate direct permanent employment for approximately 4,499 
persons. In addition, both projects have wide ranging 
impacts on balance of payments, interindustry linkages, 
capital accumulation and general social welfare. 

The major policy implication of the study is that 
agricultural water development should be an integral part 
of agricultural and rural development planning in Ethiopia. 
In this respect, not only should government investment 
policy emphasize irrigation and rural water supply develop- 
ment but incentives and various forms of inducement should 
be provided to community groups to conserve, develop and 
manage efficiently the watersheds in which they live. 

It is emphasized that before implementing a broad 
policy of water development, it is essential to improve 
and strengthen water institutions at all levels including 
local, regional and national. The study further recommends 
that small pilot projects be launched to test the practical 
feasibility of the proposed projects as a step toward the 
formulation of realistic national policies and programs in 


the water resources field. 
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CHAPTER 1 


INTRODUCTION 

In this study an attempt has been mada te investigate 
the contribution of water development to the expansion of 
agricultural output and rural labor empioyment in Ethiopia. 
More specifically, efforts have been made to determine the 
economic feasibility and potential impact on food produc- 
tion and employment of selected agricultura! water projects 
TH Etcnvopia. in thisschapter an attempt 15 Mace to put the 
problem in its proper perspective by providing esseritial 
background information and briefly outlining the nature anda 


scope of the study. 


Background to the Problem 


A characteristic feature of the Ethiopian economy is 
its heavy dependence on traditional agriculture. Although 
recent years have witnessed the emergence of a modern sec- 
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sector of economic activity in the country. 


Ethiopia's real Gross Domestic Product (GDP at con- 


: » tire - Ete L Pat an Spe 88 2 ‘a 


7 
: ates aie Wants 


a igsiket nt peste 
rr abut eels pied MMSYSo whanthl aan 

~nibone bedt ey Cold Ful taered hod eri teehee siosonoe 
ayaatdan’ tena Oerndiraree esioeiae av a hae nate 
pas dud Of Aiea ah RaguNPEE 0-101. ger fag ht ar 

areawade peiatiorg weet ety eoeehes vet nore” 
PLE vivios wi ee, ‘g ‘Ctietsd bie sukdpeeet inti hide - 


_ 


; jen, ae 
eS Wren Jo ie vip oir V8 > 
ey! pete pee tT Ceert Sa ae | : A os “4 
ie | | i 
pris ae Te fn ta = 1253 err. 
i : ‘moter dita, ar “ahdatga 
fs — ae bd . 7 7a ane = y % 2 


oG) yterase* pm e vere bg Peusente oes ef sanenreds: ete e 
Mgvodst a: ALetibtoolreny. tenet ttburti nb: oy mabn agen great iede: 

|), Segeesanebaka- Fe seamen etntiye? Mog at i av Geet eke RETO 
Saapih ngs erie 1 )2e nottouiang, emit! betas earned 
MITHOG,,O42 a! ‘ee lvhicn simencss: 16 TARE | 
nes eu neal anda phe tgs, a ageunas a 7 


iaartes “ 7 7 


y ry ern Ce brig “ - oy = a > ; 5 
7 = 7 eo Te ‘i 
i Let ~ a - ts Pi: * 5 - . ps ‘eu ge - one ai 
Pte Pty ot re #2 = é 
~ =, oe heer as ie 4 . “> Py ! ae 4 
ir ~~ Aa 
i : ; = - s 


Stanteractonr cost. ot 1961)! rose from approximately E $2.32 
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thus register- 
ing an average annual growth rate of 4 percent over the ten 
year period (Appendix A, Table A.1). Agricultural GDP 
increased at an average annual rate of 2 percent, up from 
approximately E $1.50 billion to E $1.83 billion over the 
Same period. 

Ine sttaVpecontrest co the=agriculiuraissector, tne 
non-agricultural sectors showed steadily increasing growth 
trends, with practically all of them registering average 
annual growth rates of 6 percent or higher between 196! and 
1970 (Appendix A, Table A.1). Consequently, the annual 
Share of agriculture in the GDP steadily declined from 64.8 
percent inei961 tos53-1 percent tn 19/70, suggesting the 
emergence of a structural shift in the economy. Despite 
the decline in the share of agriculture in the GDP in the 
1960's, employment in agriculture remained relatively 
unchanged at around 88 percent of the active iabor force 
(Appendix A, Table A.2). During the same period, population 


increased at an average annual rate of 1.9 percent; and 


| According to_the Central Statistical Office, Gross 
Domestic Product at factor cost is less’ than Gross Domestic 
Product at market prices by the amount equal to the differ- 
ence between inairect taxes and subsidies. Imperial 
EthippianeGovernment., Central Statiseical Office, Ethiopia: 
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national per capita income increased at an average annual 
Valter Otec. IMDerGentemUDmnGOmebes) 10.0) ineloolmetowe 150.2 
The) 97.0% 

Within the agricultural sector itself, crop and live- 
stock production account for the largest share of the out- 
put, while forestry, hunting and fishing play only a minor 
Kole. elnel970.. about 94.5 percent of agricultural produc- 
Cion, consisted of crop and Tivestock output. “The rest was 
made up of forestry (5.2 percent), hunting (0.1 percent), 
and fishing. (0.2 percent) (Appendix A, Table A.1): Hunting 
has become a negligible activity, while forestry and fish- 
ing have shown only slight increases in importance over the 
past decade. The value of crop and livestock output, on 
the other hand, increased at an annual average rate of 1.9 
DERECNts aN GneasS thd VOmeeeol 4060 lt Olea Hert Olio kato c eC 
billion in 1970. Nevertheless, the relative share of crop 
and livestock output in the GDP declined from 61.8 percent 
Limi SOlmtOmo sce Peroen lt adh aor 0. 

Presently, the crop and livestock sector is the major 
SOUTCEP OT live lnoodehor~aws 1gnitrcant proportion of the 
population. It is estimated that close to 90 percent of 
the population lives in the rural areas and is engaged, 
airecuhy,orvandimectly, in» crop andobivestock raising. 

Judging from the past performance of the Ethiopian 
economy, the employment structure is unlikely to change 
Significantly in the foreseeable future. The agricultural 


sector, therefore, must continue to provide employment and 
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a means of livelihood for increasing numbers of people in 
the 1980's and 1990's. This, however, is not to say that 
the existing labor force is fully employed. Although 
official unemployment figures are unavailable, it is widely 
believed that significant unemployment and underemployment 


The unemployment problem can be 


Cxis. nee thine. 
expected to worsen if the population surges upwards at the 
estimated annual rate of 2.5 percent in the Tate 1970's 

and 1980's. The fact that the population is disproportion- 
ately distributed between the urban and rural areas also 
means that most of the population pressure will be felt in 
the rural areas. However, the towns will not be spared the 
onstaught as scarcity of opportunities in rural aréas forces 
mass migration to the cities. The urban population is 
currently expanding at an annual rate of about 6.6 percent, 
of which 4 percent is believed to be due to net in-migration 
from the rural grease a: In view of the foregoing, it is 


clear that in the foreseeable future only rapid expansion 


in rural development can provide relief to the unemployment 


} For a broader discussion of the unemployment problem 
in Ethiopia, see Yilma Teklemariam, “Issues in Labor 
Unemployment and Migration in Ethiopia" (Unpublished paper, 
University of Alberta, Department of Agricultural Economics, 
Edmonton, 1973). 
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problem in Ethiopia. 

MescCOnLMEDUL LON Of stnesagriculitural Sector €o, tne 
Ethiopian economy as a whole, is not only restricted to 
providing a means of livelihood for the great majority of 
Ene population, 1mporcant as this function is. Farm. commo- 
aqitnes account for over 95 percent of Ethtopia s exports, 
with coffee alone accounting for about 60 percent of the 
foreign exchange earnings (Appendix A, Table A.3). The 
agricultural sector also plays a vital role in providing 
the raw material base for most of Ethiopia's manufacturing 
ICUS THY ae inal 97 Oe ei OReins tances eaboOuUty/5.9 percent of whe 
gross value of production in the manufacturing sector origin- 
ated in agricultural processing industries which included 
food, beverage, tobacco, textile, leather and wood indus- 
tries. ! During the same year, these industries employed 
79.2 percent of the industrial labor force.” 

The single most important contribution of Ethiopian 
agriculture to national welfare, however, is the provision 
of domestic food supply. The domestic production of adequate 
food supplies is of crucial importance for Ethiopia. Because 
scarcity of foreign exchange severely LIiMReS Sth Lop ia. s 
Capacity to augment her domestic food supply with substan- 


tial imports from abroad; practically alljmof the national 
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food supply requirements must be produced at home. Ethio- 


pian agriculture, therefore, has the huge task of adequately 
feeding a rapidly expanding population. Unfortunately, as 
events in recent years have shown, this task has proven to 
be exceedingly difficult. If past records are any indica- 
tion, Ethiopian agriculture, unless effectively mobilized, 


is unlikely to meet satisfactorily the challenge of feeding 


an expanding population. 


The Problen 


Per capita food output in Ethiopia increased only 
slightly between 1964 and 1972 (Appendix A, Table A.4). 
Per capita production of calories and proteins increased 
by approximately 3 percent between 1964 and 1971, an aver- 
age increase of less than 0.4 percent per year. Although 
very crude indicators of national nutritional intakes, 
various food balance studies carried out between 1958 and 
1971 seem to show that per capita nutritional intake in 
Ethiopia has in fact been declining over the past decade 
(Appendix A, Table A.5). Furthermore, food production and 
requirement projections based on trend rates of growth seem 
to indicate that Chowneye CONTINUA LTON Oh past product 1 on 
trends will not be sufficient to meet the expected level of 


food requirements. | Evidence of food scarcity in Ethiopia 


| For a detailed discussion of Ethiopia's food problem 
see Appendix A. 
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has already shown itself in soaring food prices and acute 
regional shortages since the early 1970's. Given the pro- 
jected rate of population growth of between 2 and 2.5 per- 
cent in the late 1970's and 1980's, it appears that the 
country will experience a period of prolonged food crises 
unless substantial investment is made to boost food produc- 
tion in the shortest possible time. Accordingly, the problem 
of how to increase food production in a reasonably short 
period of time is of fundamental importance to Ethiopia. 
thile the food problem stands out as the problem of 
highest national priority in Ethiopia, the problem of pro- 
viding employment for the rapidly increasing labor force 
seems to be equally urgent. As has been pointed out, there 
is widespread unemployment and underemployment in Ethiopia. 
Furthermore, the unemployment rate may be expected to rise 
with expected increases in population. The food and 
unemployment problems in Ethiopia, therefore, constitute 
the "twin" problems that require urgent corrective action 
if the well-being of the Ethiopian people is to be improved. 
This study attempts to focus on these two problems. 
More specifically, it seeks to enn whether public invest- 
ment in relatively simple agricultural water projects repre- 
sents an economically feasible means of expanding food pro- 


duction and employment. 
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Purpose and Scope of the Study 


Unlike many countries and regions sharing consider- 
able climatic similarities, Ethiopia has virtually neglected 
irrigation development as a means of increasing food produc- 
tion and employment. The existing food production system 
depends almost entirely on dryland farming. But the 
extremely uneven seasonal and regional distribution of rain- 
fall and its wide interannual variability casts serious 
doubts whether the present dryland farming system can be 
adequately developed to meet the rapidly rising demand for 
food and fiber. 

In addition to food shortages, Ethiopia currently 
suffers from water stress. Under existing practices, farm 
water supply usually comes from undeveloped surface sources 
and it is common for farm families to travel considerable 
distances every day to water their stock and draw supplies 
for household use. In times of drought, which is not 
uncommon in parts of Ethiopia, water scarcity often results 
in great disasters, as witnessed in 1973. The prevailing 
food and water crises in Ethiopia, therefore, underscore 
the urgent need for directing attention to water resource 
development. 

PYOVISiON Of SUrTICIenNL Quantities of Water for 
Ethiopian agriculture requires a considerable amount of 
investment. Externalities and other public good characteris- 


tics associated with water projects render investment in 
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such projects unattractive to private investors. It there- 
fore becomes the responsibility of government or an 
authorized public agency to develop and make available water 
resources for irrigation and other farm uses. 

This study attempts to investigate the economic merit 
of investing in modest agricultural water projects and to 
examine the potential of such investments as a feasible 
alternative for expanding food production and employment 
and enhancing rural development in general. This proposi- 
tion is prompted by the fact that various river basin stu- 


dies! 


and personal observations seem to indicate the exist- 
ence of ample opportunities for building a wide network of 
modest agricultural water projects in Ethiopia. This 
decision is further strengthened by the consideration that 
such projects hold out the promise of directly contributing 
to both food production and employment and are also likely 
to have widespread benefits for a given amount of financial 
outlay, with perhaps limited adverse impacts on the environ- 
ment. As well, since costs are also likely to be relatively 
Vow, Ethiopia can afford to experiment with such projects. 
The broad purpose of this study, therefore, is to 
analyze, evaluate and determine whether public water projects 


rr te. 


| See: U.S. Department of Interior, Bureau of Reclama- 
tion, “AppendixiVisi Agriculjturepand,Economics .Je Lands.and 
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Water Resources of the Blue Nile Basin of Ethiopia (Washing- 
ton, D.C. :oU.Subed .g99964); and Food and Agriculture Organiza- 
tion, Irrigation and Water Planning, Vol. WV: Surve of the 


Awash River Basin, Ethiopia (Rome: F.A.0., 1965). 
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designed to meet the social objectives of expanding food 
production and employment and providing a clean rura|] 
community water supply can be economically feasible. In 
particular, the study seeks to establish the potential rate 
of return to such public investment projects and to indicate 
the emerging policy implications so that public economic 
policy makers will have a sound economic basis on which to 
assign investment priorities and make rational investment 
detas 1 ons’. 

Because"of"data*’restrictions, this study does not 
systematically analyze the regional and personal income 
distribution effects of the proposed projects, although 
passing reference is made to these considerations in the 


various sections. 


Objectives of the Study 


The problem considered in and the broad purposes of 
the present study have been discussed above. The more 
specific objectives of the study are: 
1. To examine the role of water in the development 
OF Ethiopian agriculture: 

2. To assess Ethiopia's water resources and evaluate 
their avatlability, utilization, and potential 
contribution to food production and enhancement 
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To evaluate the economic and financial feasibility 
of public investment in agricultural water pro- 
jects specifically designed to expand food produc- 
tion, increase employment and provide a clean 
water supply for community use. 

To examine the feasibility of implementing such 
resource-based development projects and suggest 
needed institutional arrangements that can foster, 
enhance and promote grassroots involvement in the 
planning and implementation of water projects. 

To outline, on the basis of the results of the 
study, possible public policy alternatives with 


regard to investment in water development. 
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CHAPTER. if 


THE ROLE OF WATER RESOURCE DEVELOPMENT IN THE 
TRANSFORMATION OF ETHIOPIAN AGRICULTURE 


It has been stated that food requirements and unemploy- 
ment constitute the two most urgent economic problems con- 
fronting Ethiopia today. Given the present economic struc- 
ture of Ethiopia, relief from these problems can be logicaily 
expected to come primarily from accelerated deveiopment of 
thepsaigy lieu latwriac isieotor . Because Ethiopia's economy. is 
dependent on traditional, low productivity agricuiture, 
the rapid development and transformation of this vital 
sector wili not only help solve the more immediate problem 
of food supply but will also contribute significantly toward 
the long term development of the economy as a hoe, 

Fundamentally, agricultural output, or more specific- 
ally, foodgrain output, in Ethiopia can be increased either 
by increasing yields per hectare of land or by increasing 


the area of land devoted to foodgrain production or both. 


For a succinct discussion of the role and contribu- 
tion of agriculture to economic development see: J.W. Mellor 
and Behantanns ton £5 ,hhe TROLS OT SAG LGuLbure rin ,EGonomte 
Development," American Economic Review (September, 1961), 
pp. 556-593; and W.H. Nichols, "An Agricultural Surplus as 
aphactormvin Economic Development... Journal of Political 
Economy (February, 1963), pp. 1-29. 
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Furthermore, the existence of high unemployment of under- 
employment in the rural labor force suggests that increases 
in farm output be obtained largely through labor intensive 
Operations. Therefore, to attack these twin problems, 
Ethiopia's agricultural development strategy needs to be 
based on a labor intensive model. 

Existing agricultural development theory as developed 
by Shultz, Mellor, and Hayami and Ruttan | seems to empha- 
size the need for introduction of new technology into tradi- 
tional agriculture in order to achieve self-sustaining 
growth in agricultural output. Hayami and Ruttan in parti- 
cular state that agricultural technology takes different 
"paths" and that the specific "path" adopted by a nation 
depends on the nature of its resource endowment and the 
nature of the relationship between factor and product 
prices. They identify two alternative paths of agricultural 
technology -- biological-chemical technology and mechanical 
technology.¢ In their view, biological technology, which 
is a result of genetic research, has shown a tendency to 


act as a catalyst to induce the substitution of a relatively 


ee 


Agricultural Development: An Internationa 
(Baltimore: The Johns Hopkins Press, 1971). 


¢ Ibid., pp. 43-53. 
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abundant factor for a relatively scarce factors. For 
instance, they argue that the development of high-yielding 
seed has induced the substitution of fertilizer for land. 
They further contend that mechanical technology has been 
developed as a substitute for scarce labor and as such has 
remained a characteristic form of technology in the labor 
scarce countries of the industrialized world. 

Hayami and Ruttan explain differences in the inter- 
nationai patterns of agricultural technology as being 
induced by differences in relative resource endowments and 
the consequent difference between input and output prices. 
Through an extensive analysis of inter-country data, they 
show that land scarce countries such as Japan, the Nether- 
lands, Taiwan and Belgium use relatively high rates of 
fertilizer application per hectare and relatively small 
amounts of tractor horsepower per male worker, while the 
reve ugsieesecems ftor beitruericongsuch thand surplus labor tsearce 
countries as the United States, Canada, Australia and New 
Zealand. 

The implication of this theory for the development of 
Ethiopian agriculture is clear. As a labor surplus country, 
Ethiopia should emphasize the more intensive and widespread 


use of fertilizer and high-yielding seed varieties. How- 
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ever, applied in isolation, such a policy would inevitably 
face serious limitations. To begin with, massive amounts 
of foreign exchange would be required annually in order to 
purchase sufficient quantities of fertilizer for Ethiopia's 
crop lands. At current exchange rates and fertilizer 
prices, Ethiopia would need about one billion Ethiopian 
doliars annually, - more than twice her current total 
annual foreign exchange earnings, to purchase sufficient 
fTeVCTiA TZers 

Even if one conveniently ignores the foreign exchange 
limitation, this strategy by itself would be inadequate 
for large sections of Ethiopia where moisture scarcity and 
unreliability impose severe restraints on agricultural 
production. While this theory may be valid for the rela- 
tively moist regions of Ethiopia, particularly the western 
and central highlands, the vast areas of the lowlands would 
not benefit from this strategy without a concomitant develop- 
ment of water resources. By and large, the natural resource 
endowment of Ethiopia is such that moisture is a limiting 
factors tOreagricultuyral productionninglarge.sections of the 
COUNCY ¥. 7 in a VOVersurveysconduccedr py: ther Ministrys of 
Agriculture in four provinces of Ethiopia, over 50 percent 


of the farmers interviewed identified moisture limitation 
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as the main cause of poor yields. ! In general, the avail- 
able evidence suggests that the introduction and promotion 
of fertilizer and high-yielding seed varieties in large 
parts of Ethiopia without first removing the underlying 
moisture limitation would, at best, only yield partial 
results and, at worst, prove to be a costly gamble. 
Moisture limitation adversely affects agricultural 
production in Ethiopia on a broad scale. Besides reducing 
crop yields, moisture limitation also restricts the range 
of crops grown in the lowlands of Ethiopia to a few hardy 
crops such as sorghum and millet. The impact of water short- 
ages during the long dry season is even more disastrous on 
livestock production. Pastures and grazing lands are often 
very poor owing to moisture shortages, hence livestock pro- 
ductivity per head is very low. Furthermore, the fact that 
livestock must be driven over considerable distances in 


order to satisfy their daily water requirements implies 


Imperial Ethiopian Government, Ministry of Agri- 
culture, Planning and Programming Department, A Photo- 
grammetic Assessment of ol hst E.C. Harvest Conditions in 
Eritrea, Tigre, Wollo, Nori orthern Shewa wa and Hararghe (Addis 
Ababa: I.E.G., 1974), = sore 326 hel Wit tihtounlid Aehowen ary.2 the 
noted that these provinces are drought prone regions and 
the survey was taken after the 1972 and 1973 drought 
periods. Nevertheless, the study does show the degree of 
risk and uncertainty that the Ethiopian farmer faces with 
regard to rainfall, and this fact will definitely have an 
effect on whether he decides to use fertilizer and high- 
yielding crop varieties. Given the degree of risk and 
uncertainty he faces, his behavior can be predicted to be 
ultra-conservative when it comes to making what to him is 
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a substantial investment in an uncertain venture.) 
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that livestock Output 15 Sacrificed” in* the*process* “In 
addition, the communal and unprotected nature of the water 
supply predisposes the herds to communicable diseases and 
parasites. In view of the high incidence of livestock 
diseases and parasites in Ethiopia, it is quite plausible 
that the state of the water supply is, at least partly, 
responsible for the perpetuation and spread of these dis- 
eases. 

The most important and devastating impact of water 
scarcity in Ethiopia, however, is felt by the over 25 million 
rural DODUWlation.= in rural areas tne shortage OT Water ror 
domestic purposes is so severe that most farm families must 
travel long distances every day to obtain supplies. Since 
the amount of water that can be carried home at a given 
time is sufficient only for cooking and drinking, very little 
if any water is available for other household uses. The 
quality of the water is also often so poor that the rural 
water supply system as a whole is generally regarded as a 
very serious community health hazard. There is widespread 
suspicion that waterborne diseases and parasites account 
for a considerable share of the national health cost and 
loss, ins labour productivity. 

The role of water in the transformation of Ethiopian 
agriculture and rural life can hardly be overemphasized. 
Systematic development of the water resources of a country 
where water imposes a ceiling on agricultural productivity 


can be expected to significantly increase agricultural out- 
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put. The development of water resources can also provide 
for improved human welfare and a wholesome way of life for 
the population. In the long run, availability of ample 
clean water supplies may attract industries and related 
establishments to rural areas, thereby contributing to the 
transTrormatton of erural Ife. 

In the remaining portion of this chapter, the role 
of irrigation in increasing output and employment in agri- 
culture will be examined with the use of formal production 
models. In addition, the experience of other developing 
countries with aqannets irrigation will be reviewed and 


the other rural uses of water will be briefly examined. 


The Potent val simpbact oF [rVYigati1 on 


Development in Ethiopia 


Of all water uses, irrigation represents by far the 
Greatest,~use,ofjwatereinnagricultures »ln,regardsto-.irriga- 
tion, water resource development can be looked at from two 
points of view. In one respect, irrigation development can 
be considered an expansion of the agricultural infrastructure 
Oba TOrMvof Wanita) acecumuiotion. | 1o thateeffect,. 1teis 
Simply a Way Ot SUDSTIUULING capital tore and and its tend= 
ency is to prevent the inelastic supply of land from becom- 
ing as constraint On@agricul tura le productions 

On another plane, the introduction of an irrigation 


system, with its improved water delivery and efficient techni- 
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ques of water imanagement, represents a new farm technology 
that can increase yields per hectare. The availability 

of an adequate, well controlled and properly managed irriga- 
tion system will also make the use of improved high-yielding 
seed varieties more attractive and induce the application 

of commercial fertilizer and chemical pesticides. In this 
respect, irrigation technology becomes a land-augmenting 
technology which enhances the productivity of the land. 

The development of irrigation can also be expected to 
increase labor employment. Since the labor input require- 
ment of Irrigabton agraculturedisnarelativelyohigh, either 
the expansion or intensification of cultivation that accom- 
panies new irrigation development can be expected to gene- 
rate considerable employment opportunities. Additional 
jobs will be created not only during the construction period, 
but also during the production, processing, and distribution 
of the additional output. To more fully examine the poten- 
tial impact of irrigation development on agricultural pro- 
duction and employment, some simple illustrative production 


models follow. 


Aggregate Agricultural Production Function 


The concept of neo-classical production theory is 
employed here to provide a theoretical explanation of how 
the introduction of irrigation into a primarily dryland 


agriculture can” increase farm output. Neo-classical produc- 
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tion theory is so familiar in economics that it hardly 


] 


needs a detailed explanation. The present exposition is 


merely intended to illustrate: 

1. how moisture limitation can constrain agricultural 
production; 

2. the effect of new viable irrigation schemes on 
farm output; 

3. thelefitect of thesintroduction of yirrigation 
schemes on relative factor shares (i.e., the 
relative distribution of gains from new irrigation 
projects between land and labor; and 

‘4, the impact of irrigation development on farm 
labor employment. 

Following the standard production function approach, 

an attempt will be made to formulate a production relation 
for traditional agriculture under constant technological 


assumptions and then proceed to investigate the factor-factor 


ee 


l The available literature on neo-classical production 
theory is indeed voluminous. The following selected works 
provide excellent coverage of the basic tenets of neo- 
classicalsproduction theory: S. Carlson, A Study on the 


Pure Theory | of Production (London: P.S. Kings and Co. Ltd., 
1939 C.W. Cobb and Paul H. Douglas, "A Theory of Produc- 
tion," American Economic Review, Papers and Proceedings, 18 


G1928)5 Hprieo-165; Gobo sFercquson. The Neo-Classical Theory 
of Production and Distribution (Cambridge: Cambridge Univer- 
Sity Pressemlonie eben O.cHeady and John baDillon, Agri- 
cultural Production Functions (Ames: Iowa State University 
Press, 1961); John R. Hicks, Value and Capital (Second 
Edition; Oxford: Clarendon Press, 1946); Gerhard Tintner, 
"The Pure Theory of Production Under Technological Risk and 
Uncertainty," Econometrica, 9 (1941), pp. 305-312. 
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relationships and the nature of product distribution between 
factors. In the second stage the assumption of constant 
technology will be relaxed by introducing an irrigation 
technology. The following possibilities for increasing 
agricultural production will then be examined: 

1. irrigation as a means of expanding cultivated 

areas; 

2. irrigation as a means of intensifying cultivation 

on existing farm lands. 
The final stage of this theoretical formulation attempts to 
draw some implications of irrigation development for farm 
labor employment and relative factor shares. 

In traditional agriculture, land and labor constitute 
the two most important factors of production. In order to 
specify an aggregate production function for traditional 
agriculture, it is necessary to assume that these two factors 
are continuously substitutable in the production process. 

It is also essential to assume that a unique level of out- 
put corresponds to each combination of these inputs. With 
these assumptions, an agricultural production function can 


be specified as follows: 
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where Q = Aggregate agricultural output. 
N = Agricultural land. 
L = Agricultural labor force. 


Fy and Fy are marginal products of land and labor, 


respectively. Since along a given isoquant Q remains 


constant; 
Fan - Fy dL = 0 Ca22) 
q F 
At equilibrium, - a = = marginal rate of technical 
L. 


substitution (METS) between. theytwo. factors... It is assumed 
that the MRTS decreases as labor is substituted for land, 
i.e., the isoquant is convex to the origin. Assume further 
that.thesproduction, function is, of.the,constant_returns to 


scale type. Hence: 
EAN) mee GN Ieee te a lil Ar 0 a9) 
Then by Euler's theorem: 
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Equation (2.4) states that if each factor is paid according 
Lovits marginaleproductivity; the total» product#wiil be 
exhausted. 

In traditional agriculture, the supply of arable land 
(N)@ais fixed and only labor (L) is thet variable factor. A 
production function depicting the production relationship 
of traditional agriculture may be represented as in Figure 
aes |e 

Figure 2.1 illustrates a typical neo-classical produc- 
tion function, satisfying all the standard assumptions per- 
taining thereto. In this diagram, the labor input is mea- 
sured along the horizontal axis, the land input along the 
vertical axish  Theyasoquants Qy> Qo» and Q5 respectively 
show successively increasing levels of output that can be 
produced by combining land and labor in various proportions. 
In view of the fact that readily cultivable jland is more 
Offa limitingtfacton than, labor in traditional agriculture, 
the available arable land is arbitrarily fixed at N and the 
labor supply available to agriculture is set at L. 

Within the environment of unchanging traditional 
technology, then, the fixed supply of arable land imposes 
deceniingeonssotal aericuicurad outbput.. AS noted inthe 
diagram, quantity produced increases from Qy to Q5 as quan- 
tity of labor input employed increases from Ly to Les Tand 
remaining constant at N. However, C4 represents the maximum 
quantity of agricultural output and Le the maximum level of 


employment that can be achieved before the marginal producti- 
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AGRICULTURAL OUTPUT AND EMPLOYMENT UNDER 
CONDITIONS OF FIXED ARABLE LAND AND 
TRADITIONAL TECHNOLOGY 
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vity of labor falls below zero. As the employment level 
approaches Les land remaining constant at N, the marginal 
productivity of labor approaches zero. At point E, the 
marginal productivity of labor is zero and agricultural 
output is at a maximum. Therefore, attempting to expand 
employment beyond Les without first easing the land con- 
straint; °will onlywresultc©in reduced total output* because 
each unit of labor added after Le contributes a negative 
quantity to total output. Hence the surplus labor ee Le 
cannot be gainfully employed in agriculture. 

In order to increase the quantity of aggregate agri- 
cultural output beyond Q35 either the efficiency of both 
labor and land must be increased through the introduction 
_ of new technology, in which case each existing combination 
of land and labor produces a larger quantity of output, or 
more arable land must be brought under cultivation. In the 
latter case, total output can be increased because there is 
surplus labor that can be combined with the additional land. 

While the concept of how the expansion of cultivated 
area will lead to increases in output and employment, even 
under conditions of fixed technology, is fairly self-evident, 
the idea of how an introduction of new technology can remove 
the ceiling on production and employment imposed by the 
scarcity of readily cultivabie land may not be so easily 
understood. Therefore, with some modification, the preced- 
ing model can be employed te examine the impact of introduc- 


Ing a new land-augmenting farm technoiogy on production, 
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employment, and the distribution of potential gains among 
thieehactors tok Mproduetion! 

Techniea) *progresis'sin ‘traditiona Pragriculture ‘can tbe 
assumed to take one of three forms, depending on the nature 
of resource endowment and the attendant factor price rela- 
tionships. | It can be land augmenting, neutral or labor 
auomenting. Following Hicks "s “classification of technical 
progress, a given farm technology can be said to be land 
augmenting, neutral, or labor augmenting if at the origin- 
ally prevailing land/labor ratio, the marginal rate of 
technical substitution of land for labor diminishes, remains 
unchanged, or increases after the introduction of the new 
technology. To properly illustrate these cencepts and 
their implications for agricultural production, farm labor 
employment and distribution, it is convenient to assume a 
more specific form of the model already introduced in (2.1). 

Assume a Cobb-Douglas type agricultural production 


furnetion: 


: For a fuller discussion of technological progress 
and the neo-classical theory of production see: C.E. Ferguson, 
The Neo-Classical Theory of Production and Distribution, 
DOR i225 a, eo ae 


z J.R. Hicks, The Theory of Wages (Second Edition; 
London: Macmiitdan, 1963), pe 21. It should Be noted that 
Professor Hicks explains technical progress in terms of capi 
tal and labor factors rather than land and labor as used here, 
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wheresd als andaNkare asadetinedein (2¢1). ol ieagland- 
augmenting technology, progressing at a constant positive 
rate Ofer, tSuintyoduced,sthe production, funetiongwi),) take 


the. form: 


Qt) Segal) elatwn a> Ae (2.6) 
Qe) = erOeNMLE (2.7) 
* 
30 7 
ie alge eae Ine (2.8) 
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Since the production function is linear and homogeneous and 
erat Sug Ve) Thee2a/ ers larcerethan 0 TnAt285), Pwhi'ch 
implies that a land-augmenting technology progressing at 
the constant positive rate of X will increase agricultural 
siloput at the rate of aanee 

Since a new irrigation system is a land-augmenting 
technology, its effect on production is therefore positive 
and direct. Assessing its impact on employment, however, 


requires further analysis. 


Suppose that there is significant unemployment in the 
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economy and that by a public policy action, irrigated land 


expands at the constant proportional rate of n so that 
1 aN 
N dt 
logarithmic form is obtained: 


=n. Through derivation of (2.8), the following 


In Q¢¢y = Aat + alnN + BInL (2.10) 
dQ) 
1 ee censor any 
Oey at ; 
t 
dQ7 
= (t) = Gy a nja + 8B Se C2012) 
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According to (2.8), given the rate of expansion of 
irrigated land, there is a linear relation between output 
and employment. If we assume for ease of computation that 
both output and employment increase by a constant propor- 


tional rate (k)., i.e.. 


equation (2:12) ,can,be.restated as; 
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k = Gt nie » Since a + B= 1 by: assumption in (2.5). 


Therefore, agricultural output (Q) and labor employment (L) 
will grow by (A + n) if irrigation technology advances at 
the rate of A and irrigated land expands at the rate of n. 
The question of how the increased output is shared by 
the owners of ltand and labor is fundamental to economic 
policy. Under pure competition, relative factor shares 
depend on the nature of technical progress itself and on 
] 


the elasticity of substitution between the two factors. 


The elasticity of substitution between land and labor 


given by the formula 


‘ff 

hy 8(z) 

parties SE hopes 
N a 

L (7) 


' 3... Hicks, The Theory of Wages, pp. 112-135. Also 
see: Kenneth Boulding, “The Fruits of Progress and the 
Dynamics of Distribution.” American Economic Review, Papers 
and Proceedings, 63 (1953), pp. 472-4835; Murray Brown and 
John S. Decani, "Technological Change and the Distribution 
of Income," International Economic Review, 4 (1963), 
pp. 289-309; C.E. Ferguson, "Neo-Classical Theory of Techno- 
logical Progress and@RevativesFactor=Sharess e8Southern 
Economic Journal, 34 (1968), pp. 490-504. Ferguson also 
develops the concept in C.E. Ferguson, potas Economic Theory 


(Homewood, Illinois: Richard D. Irwin, Inc., 1969), p. 388. 
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is a coefficient that indicates the percentage change in 
the land/labor ratio associated with the percentage change 
in the ratio of the marginal rate of technical substitution 
between the two inputs. | Since at purely competitive 
equilibrium the marginal rate of technical substitution is 
equal to the input price ratio, changes in the equilibrium 
value of the marginal rate of technical substitution can 
arise from changes in the price level of any of the inputs. 
Assuming w, r and p to represent the prices of labor, land 
and output, respectively, the elasticity of substitution 


Can be restated as: 


and the relative factor shares can be expressed as aa TOV 


labor and src land. Thus the ratio of relative shares = 
wh 
rN 

If in this model iand rent increases due to an exogen- 
ous factor, such as population growth, the labor wage remain- 
ing constant, there will be a tendency to substitute labor 
for land through such activities as.more, intensive cultiva- 
tion...control_ofi_erosion,—the fi langsot:sulties cand other 
forms of land reclamation. This tendency to substitute 
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labor for land willacause the tand/labor ratio to decline, 
and thereby affect the relative share of the output going 
to each input. Precisely how the relative shares are 
affected is determined by the magnitude of elasticity of 
SUDSTTCOLLON. (it the elasticity Of SUDSTTLULION 15° aredacer 
Nan Unieys a GilVenerise INeiand Trent Wil’ result in oa 
higher share of the output going to labor. In general, the 
relative share of labor will increase, remain constant or 
decrease as the elasticity of substitution is greater than, 
equal Os, OF “lesse tian unity.! 

The nature of technical progress will also affect the 
relative share of factors. If technical progress is neutral 
by definition this means that the land/labor ratio and the 
factor price ratio remain constant and, hence, relative 
factor shares also remain constant. However, if technology 
is either land augmenting or labor augmenting, relative 
factor shares are affected so as to favor the augmented 
factor. Hence, the land owners' share increases relative 
to the share of labor if technology is land augmenting and 
vice versa.© 

Having outlined in general terms the effect of a new 
farm technology on production and income shares, the sub- 


sequent discussion will attempt to focus on irrigation as 


ere gem Ferguson, The Neo-Classical Theory of Produc- 
tion and Distribution, pp. 243-245. 
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a land-augmenting technology and will conceptualize, with 
the use of a simple diagram, the likely impact of introduc- 
ing this technology on farm production and employment. 

In Figure 2.2 the land factor is measured along the 
vertical axis and labor is measured along the horizontal 
axis. N, on the vertical axis, represents the maximum avail- 
able physical supply of land, and N indicates the maximum 
amount of land naturally suitable for ready cultivation 
under the existing traditional technology. More specific- 
ally, N signifies the area of land that is currently culti- 
vated or is capable of producing crops without irrigation, 
‘while N - N denotes the presently non-cultivable arid and 
semi-arid regions. Scarcity of moisture is assumed to be 
the primary limitation to the expansion of crop production 
inv the semi-arid atidcarid areast. £, on the horizontal axis, 
represents the maximum available supply of active labor force 
in agriculture at a given time. The isoquants are assumed 
to satisfy all the standard assumptions of neo-classical 
production theory. 

In the model, the isoquant Q represents the maximum 
amount of aggregate agricultural output that can be pro- 
duced under the existing levels of resource availability 
and technology. Output cannot increase beyond this level 
under the existing technology because the total supply of 
readily cultivable land, N, has been used up and any further 
addition of labor beyond Le will only diminish total output. 


Les therefore, represents the maximum level of employment 
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RYGURES2.2 


AGRICULTURAL OUTPUT AND EMPLOYMENT 
UNDER CONDITIONS OF TECHNICAL PROGRESS 
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and there exists a labor surplus of the magnitude L, ~ Le. 
Under these circumstances, to increase output and employ- 
ment in agriculture, it is essential to remove the ceiling 
imposed on output and employment in agriculture by the 
limitation of readily cultivable land. 

Naturally, agricultural output and employment can be 
increased either by intensifying operations on N units of 
good quality tand or by extending cultivation into the 
currently uncultivated N - N units of arid and semi-arid 
lands orebothtan] 0 doseither, orn po thay 0 fe cours esyreguires 
investment in new inputs. 

Suppose that a new technology in the form of supple- 
mentary irrigation (including all techniques of water control 
and delivery and improved farm management) was introduced 
Into the existing, cultivated areas: »«lhesintroduction,of 
this new technology can be expected to increase yield per 
hectare as well as total output per year. This increase in 
output per unit of time may be represented in Figure 2.2 by 
an inward shift of the isogquant Q to one similar to Q . 
Consequently, N' and L' becomes the new Tand/labor combina- 
tion needed to produce the level of output that formerly 
required the maximum readily cultivable supply of land, N, 
and L- units of labor under the previous technology. Under 
the new situation, output and employment can continue to 
expand beyond Q' and L', respectively, until the N units of 
Jand are entirely covered by the new technology. 


While the foregoing is a case of intensive cultivation 
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as a result of water availability, a similar argument can 
be used to explain the case of expanding cultivation to 

new lands through the provision of new irrigation facili- 
ties. Cultivation can be extended into the largely semi- 
arid area indicated by N - N through the provision of new 
irrigation schemes. If cultivable land is increased from 
N to N''' through an initial investment in irrigation and 


attendant technology, total output can be increased from 


Om ctor dg and employment can expand from Le Coe Aggre- 
gate agricultural output can then continue to expand until 
the new technology covers the potentially cultivable physi- 
cal supply of land. Alternatively, an integrated plan of 
Intensification and area expansion can be pursued as a long 
term agricultural development strategy. 

On purely conceptual grounds, therefore, it is quite 
clear that investment in water development can make signifi- 
cant contributions to the development of Ethiopian agricul- 
ture. In particular, the availability of adequate amounts 
of irrigation water at the right time and piace can lead to 
increased agricultural production through increases in yield 
per unit of land or through multiple corpping and expansion 
of cultivated area. In regions with low and uncertain rain- 
fall, the availability of irrigation water can make the 
adoption of high-yielding seeds, fertilizer and chemicals 
economically attractive and thereby set in motion the pro- 


cess of agricultural transformation. 


Labor employment can be expected to expand not only 


wea Fo aprotverq 42 rn eR vt snedtiol 
wot? -kekeeiset gpicnet a nave tine’ ¥) _ongatse notaapiant © 
bee movregirst abirgpmazeya? | totehot ne agoenrar "tithe > 
nav SeriwiSor wt ter Ghggeo Tetel . eget anines rosseodte 
aT ee oe wont Baste’ wad neeyteee ani '“Ponadeg 

frau hinvehie bt anAts nap tent Wes te jeao inindias tres ete - 
“Fayaae Btdisw isto aT tet Wineg/ ene 2¥ebMo (ReTnhe s63° wher aE 


va Wel baenbat nt NE RN TAU Es Beet bine Vreque* tsa 


eet Se peu sat). od Noo od 2p: RAN wt poTsporereweant 
| Sal aacgit 2 Siegor week! Thug tipesgh Met 
“sabi 27 rr” wha vetted. / sheiorg? Hotes utasaqeny ee" 


eehanty ods Nar Svancot pied Aghey At Sowhrecvet Said +at> 


{1HS Fre? Geran tin? *o semen tsa ea 63 aire Fi ‘pat aed’ ® ne 
ladles li ob ad pahe vo Mate téve GF yvitootsasg al eet 


of Leal hee sally bes cat} dant ant rs rae ad petit Fo 


tiainag tt ze avanti Hohohuts wot tonbielig’ tonest oaraige tine 
; % 2 ‘organi use so dest he eee hag 

yor ee Snoieb nl” “este poe dvaa bore 
a ate ia pees Le wht hieftews od® PGE 
ie 4 0§ eae eee 


"a 


- 


_ 


— 


a 


36 


during construction of the project, but also on an ongoing 
basis as cultivated area is expanding, as fields are more 
intensively cultivated, and as the additional output is 


harvested, assembled, processed, and marketed. 


Irrigation Experience of Other 


Developing Countries 


While the theoretical formulation is useful in provid- 


ing a conceptual framework, the most important task is to 
investigate the extent to which these theoretical expecta- 
tions have been borne out in practice. There is no doubt 
that historically irrigation has played a very strategic 
roleeanh man'seattemptsto produce, food-andsfiber. IJIt.,is an 
historical fact that some of the world's greatest civiliza- 
tions were based upon irrigation and these civilizations 
later declined as the irrigation system failed because of 
salinity build-up and other related problems. | 
During the last hundred years, irrigation technology 
and the amount of irrigated area in the world have been 
vastly increased. World irrigated area is said to have 


2 


risen from a. mere 8 million hectares in 1880° to about 200 


Food Supply (Washington, U.C.: The White House, May, 1967), 
p. 440. 
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million hectares in 1974. | 


Nevertheless, irrigated acreage 
still accounts for a relatively small share of total culti- 
vated area on a world basis, but it is of prime importance 
in certain regions and specific countries. 

With the exception of Japan, irrigated area constitutes 
a far larger share of harvested area in the developing 
countries than in the developed countries (Table 2.1). 
Certain developing countries (see Table 2.2) depend almost 
entirely on irrigation for crop: production. 

Even more revealing in this regard are the figures in 
Table 2.3. Over the period 1961-63, the countries of the 
Near East and N.W. Africa received 68 percent of the value 
of crop production from irrigated lands. The comparable 
figures for Asia and the Far East, Latin America, and 
Africa south of the Sahara were 40 percent, 17 percent and 
3 percent, respectively.¢ 

These figures merely reflect the underlying climatic 
conditions in these countries which make the use of irriga- 
tion imperative. Since most of the developing countries 
lie within the tropics and subtropics, inadequacy of annual 


rainfall or unfavorable seasonal distribution and a high 


rate of evapotranspiration make supplemental irrigation of 


a 0 i re 


ElA.O0y,) ProductionyYearbook. 1974 (Rome: F.A.0., 


¢ F.A.0., Provisional Indicative World Plan for Agri- 
ultural Development, Volume | (Rome: F.A.0., 1970), p. 46. 
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PABLE G2 a] 


MAJOR IRRIGATING COUNTRIES, ACCORDING TO AMOUNT 
OF IRRIGATED AREA! (1,000 Hectares) 


D Cultivated Irrigated Percentage 
Country Year Area Area Irrigated 
China (PRC) (1967 (1960) 105300 75,980 68.9 
India 1968 164,610 CH ie ees 7 
United States 1969 TU 2b 15 O32 3.2 
Pakistan 1969 Loo AMOS bo .U 
Utomo shu 1970 232,009 PPro 4.8 
Indonesia 1969 18,000 6,800 Wes 
Iran 197] ish fs 44) ay aeL| 31.4 
Mexico 1960 (1964) ares | 4,200 Tab 
Iraq 1970 (1963) Tey cS 33070 a0 
Egypt 1971 eae 25030 100.0 
Japan 1970 siesio 8) 2,444 Sp ete) 
Italy 1971 (1960) 12,409 2,435 1907 
Spain 1970 20,626 Ty Os0 lec 
Thailand 1965 (1969) Te; 45 2 bo5 16.0 
Argentina 1968 (1959) 26,028 1,549 O00 
Turkey 1970 (1967) C7),3/9 1,476 tf 
Australia 1969 44,610 T3098: 33 
Chile 1965 (1964) 4,632 ey eS 2350 
Peru 1971 (ap SY de) Te 020 37.5 
Bulgaria 197] 4,516 -- 22.20 
4 


Total 1,457,000 203,600 14.0 


1 nels : : Sadie 
Includes individual countries having irrigated 
areas exceeding one million hectares. 


g Year refers to year for which data on cultivated 
area apply; year in parentheses refers to year for irriga- 
tion area data when different from year for cultivated 
area data. 


Cultivated area is arable land plus land under 
permanent crops. 


4 Total and numerical values should be regarded as 
approximate because of incomparability of data between 
countries and different years of data collection. 
SOURCE: U.S.D.A., Economic Research Service, The World 
Food Situation and Prospects to 1985 (Washington, 
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crucial importance to agricultural production. The insur- 
ance that supplemental irrigation provides against dis- 
astrous droughts that occur with amazing regularity in 
these regions is also of vital importance to the welfare 
and survival of the people who live in this part of the 
world. 

It might very well be true that future breakthroughs 
in crop research might develop varieties suitable for arid 


and semi-arid areas. Work in this direction has already 


— 


been initiated in some international research institutions. 
It will undoubtedly be severa! years before a substantial 
breakthrough can be realized in the development of high- 
yielding seed varieties for the arid and semi-arid areas of 
the worid. 

In the immediate future, therefore, the developing 
countries have to rely on the use of existing crop varieties 
for producing the urgently needed food. Unfortunately, the 
high-yielding wheat and rice varieties that sparked the so- 
called "green revolution" in Asia require well controlled 
and properly managed supplies of water as well as adequate 
fertilization in order to produce optimum yield. Hence, 
they may not provide a viable alternative in countries where 


irrigation is poorly developed. Being acutely aware of this 


q The International Institute of Tropical Agriculture 
in Nigeria and the Institute of International Crop Research 
for the Arid and Semi-Arid Tropics in India are two main 
institutions doing research relevant to the semi-aria areas 
Of the tropics: 
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TWENTY-FIVE MAJOR IRRIGATING COUNTRIES, ACCORDING TO 


PERCENTAGE OF AREA IRRIGATED 


Country 


Egypt 
China 
Pakistan 
Taiwan 
Japan 
Israel 
Albania 
Indonesia 
Peru 
Iraq 
Korea, 
Rep. of 
Iran 
Cyprus 
Chile 
Ceylon 
Bulgaria 


Madagascar 


Italy 
Greece 
Viet Nam, 
Rep. of 
Mexico 
Somalia 
India 


Saudia Arabia 


Thailand 


—— 


1 


SUURCE se U.S Wie Arlt 


Year 


1970 
1967 
1969 
1969 
1970 
SWE 
1967 
) 
17 
1976 


1969 
197d 
1968 
1965 
1970 
197] 
1966 
170 
1968 


vel 
1960 
1960 
1968 
1967 
1965 


(1960) 


(1964) 


(1969) 


] 


Cultivated 


Area 


24 Ope 
T10.3500 
1542.90 
867 
Se 0 
417 

556 
18,000 
Cig 79 
105163 


ra ey 
LGewe/ 
432 
4,632 
Le SWAs) 
4,516 
2a g0U 
12,409 
JDO.) 


SINS 
ayo) PY) 
J 
164,610 
809 

ie 415 


(1,000 Hectares) 


Irrigated 
Area 


VE Sef 
70.980 
12 605 

500 
2% O30 
PRS 
Zia 

6,800 

Le salglo 

Sado 


759 
Dyas 
102 
15109,1 
465 
eeu) 
620 
2,444 
ree. 


Percentage 
Irrigated 


1.0.05, 
68. 
6.55 
aie 
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Includes only countries with more than 100,000 
hectares of irrigated area. 


Year refers to year for which 
data on cultivated area appiy; year in parentheses refers 
to year for irrigation area data when different from year 
for cultivated area data. 
plus land under permanent crops. 


Cultivated area is arable land 


Economic Research Service, The World 


Food Situation and Prospects to 1985 (Washington, 
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problem, the F.A.0. Indicative World Plan states: 

As modern cash inputs are successfully removing or 

reducing the*effects of many limiting factors, even 

in areas of moderately adequate precipitation, there 

is an increasing need to consider supplementary 

irrigation to avoid moisture availability becoming 

the ceiling on yields. 

In general, there seems to be a high correlation 
between irrigation water availability and the area planted 
to the new high-yielding varieties.* The F.A.0O. Indicative 
World Plan, for instance, estimated that out of 140 develop- 
ing countries, only about 25 were using the high-yielding 
crop varieties on a large scale in 1968 and these were 
mostly countries where irrigation was relatively well 
developed.° 

In countries that have achieved agricultural break- 
throughs in recent years, such as Mexico, Pakistan and 
Taiwan, irrigation seems to have played a very important 
role (Table 2.1). On the other hand, the adoption of 
improved varieties has been very slow in Africa south of 
the Sahara, where water is scarce and irrigation facilities 
are extremely limited (Table 2.3). Since improved seeds 


and fertilizers can be imported from abroad, there is no 


doubt that water is the most limiting factor hampering the 


VF lALO., Provis 1onalzindicdtive Worid Plan, for Agri- 
tral Dev velopment, Volume I, p. 47. 
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large-scale adoption of this new technology in sub-Saharan 
Aftricatne Inifactedasod ime Magazine! puts vite Bron Cenitral 
America to Asia, the main limit on the wider use of miracle 
seeds is the lack of water. The F.A.0. estimates that 
global demand for water will expand 240 percent by the 
conturyesyend Seru 

Undoubtedly, the future expansion of high-yielding 
seed use will be governed by water availability. The F.A.0. 
Indicative World Plan envisages a large portion of the addi- 
tional area planted with the new seeds to be irrigated. 
mherd 985a progectdione ofs stheek A. Or plantifore the adopta on: of 
new varieties clearly points to the increasing importance 
Of irrigation as a source of agricultural productivity growth 
in the less developed countries. 

While empirical evidence showing the positive effects 
of irrigation and the new high-yielding seed technology on 
production has been mounting, the record has not been as 
impressive for employment generation and income distribution. 
By and large, the employment generating capacity of the 
"green revolution" has not been as originally expected. The 
available evidence seems to indicate that the "green revolu- 
in South East Asia has intensified the rural unemployment 
problem. The process seems to have accelerated the rate of 


tenant eviction because landlords found it increasingly 


; "Special Report-on the World Food Crisis,” Time, 
1i November 1974, p. 82. 
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profitable to substitute modern farm machinery for labor. | 
The distribution of gains from the new agricultural 
technology has also been skewed in favor of the landlords. 
This has further sharpened the conflict between the small 
landowning class and the large mass of landless peasants.* 
Of course, it should be pointed out that these problems did 
not originate with the green revolution. Their origin lies 
in the anachronistic system of property ownership that 
characterizes a great majority of the developing countries. 
Superimposition of the new technology into the tradition 
bound, largely feudal system of property relations has simply 
exascerbated the inherent defects and inequities of the 
system. It is thus largely the failure of the social and 
institutional system to adapt itself to new situations which 
is responsible for some of the major shortcomings of the 
new agricultural technology in many developing countries. 
A realistic policy of agricultural development should, there- 


fore, treat both technology and institutions as endogenous 


| For a detailed discussion of the unemployment and 
income distribution problem of the green revolution see: 
Walter P. Falcon, "The Green Revolution: Second Generation 


52, No. 5 (December, 1970), p. 698; Laurence Hemes, Rural 


Development: World Frontiers (Ames: The Iowa State Univer- 


Sity Press, 974): Thomase 1. Poleman and D.K. Freebairn, 


Keith Griffin, The Political Economy of Agrarian 
0 


Change: An Essay on the Green Revolution (London: Macmillan, 
1974). 
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Non-Irrigation Uses of Water 


While the benefits of irrigation, particularly in an 
arid climate, are clear and visible, the benefits of water 
development programs are by no means restricted to irriga- 
tion only. As subsequent discussion will show, there are 
some not so visible, but nevertheless vital, services that 


can result from developed water systems. 


Household Water Supply 


A well developed community water resource can serve 
as a Sanitary source of domestic water supply. Aside from 
the immense welfare implication of an ampie supply of fresh 
water for domestic use, a clean and safe household water 
supply can have substantial and measurable economic benefits. 
Reduction in public health costs and savings in man-hours 
lost due to illness caused by water borne diseases are only 
a few of the readily recognizable economic benefits of 
community water development. A national program of water 
development can therefore greatly contribute to the 
enhancement of a healthy, energetic and more productive 


population. 


Livestock Water Supply 


The livestock industry is a very important component 
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of Ethiopia's agricultural economy. The promotion of this 
industry should be an integral part of the agricultural 
development program. But the development of a vigorous 
livestock industry depends, among other things, on the 
availability of adequate and clean stock water supplies. 

A reliable source of water is required not only for direct 
stock consumption but also for the development of pastures 
and rangelands, which are vital for increasing the quality 
and quantity of livestock output. An additional economic 
benefit may also be realized through the reduction of 
veterinary costs over and above those that may accrue from 
improved livestock production if adequate and ciean water 


supplies are provided. 


Wildiife Conservation and Development 

The availability of a well developed water system 
would also encourage the growth of fish and wildlife. If 
properly managed, these resources could be a good supple- 
mental source of food, particularly good quality protein. 
Water-based sports and recreation could also be expanded, 


thereby enhancing the well-being of the community as a 


whole. 


Rural Industrial Development 
The development and expansion of any sort of modern 
farm processing industry will require the ready avaiiability 


of large quantities of water. It is characteristic of 
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modern industry to use large volumes of water either 
directly in the manufacturing process or for cooling, 
Cleaning, and waste disposal purposes. This is parti- 
cularly true for agricultural processing industries. In 
addition, modern life-styles require increasing quantities 
of water per capita, and as industries and towns expand, 
the demand for municipal uses of water can be expected to 
increase dramatically. The early development of water 
resources, therefore, can lay the foundation for future 


industrial and township development in Ethiopia. 


Timber Development and Soil Conservation 

The introduction of good watershed management and 
water conservation associated with water development can 
be of immense value in flood control, soil conservation 
and timber development. These activities can also have 
widespread economic benefit in a mountainous country like 
Ethiopia where large areas of productive farm lands are 
being reduced every year by erosion resulting from rapid 
and uncontrolled run-off. 

These uses, of course, do not exhaust the entire 
range of benefits that can result from water resource 
development. For instance, medium- and large-scale water 
projects could be developed for hydro-electric power genera- 
tion. However, it is beyond the scope of this study to 
go into these types of projects. 


In the final analysis, two important conclusions seem 
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to emerge from the foregoing discussion: (1) water deve- 
lopment is vital for the Stabilization of food Supply 

and transformation of Ethiopian agriculture, and C2 eine 
development of integrated agricultural water projects can 
directly and effectively contribute to the progress and 


well-being of the rural population of Ethiopia. 
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CHARMERE II 


ETHIOPTAmSeWATER RESOURCES: A 
DESCRIPTIVE APPRAISAL 


In view of the potentially important role water can 
play in the development and transformation of Ethiopian 
agriculture, thesquestion that, logically follows ts: Does 
Ethiopia possess sufficient quantities of water resources 
that can be deveioped for agricultural and other purposes? 
In other words, is Ethiopia adequately endowed with the 
requisite quantity and quality of water supplies that can 
be developed to meet the demands of the various sectors of 
the economy? It is the purpose of this chapter to attempt 
to provide some answers to these and related questions. 

Although knowledge about Ethiopia's water resource 
endowment is far from being complete, considerable informa- 
tion has been gathered over the last fifteen years. 
Detailed studies of two river basins -- the Abay and the 
Awash Basins -- have been completed and a study of the 
Wabi Shebelle Basin is in the final stages of completion. 
Minor local and ground water surveys have been conducted 


INnvditferentapartus. of tue country. There are further 


: For a broader discussion on Ethiopia's water 
resources see: Imperial Ethiopian Government, Ministry of 
Planning and Development, Regional Aspects of National Plann- 
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encouraging signs that a number of government agencies. 

are intensifying efforts to compile and make available 
water resource data on a continuing basis. These endeavors 
are contributing greatly to the growing knowledge of the 
state of the nation Ss water resources. 

The important available information have been brought 
together in this chapter with the aim of assessing the 
prospects for irrigation development. Primary emphasis is 
placed on establishing the general magnitudes of the avail- 
able sources of water supply and the demands put on them 
rather than on providing firm quantitiative estimates. The 
chapter begins with a consideration of the supply side of 
Ethiopia's water resource system, the components of which 
are precipitation and various types of surface and ground 
water sources (Figure 3.1). It then discusses the various 
classes of demand for water in Ethiopia, including house- 
hold demand, agricultural demand, industrial demand and 
demand for flow uses of water. The chapter concludes with 
a brief remark on quality aspects of Ethiopia's water 


systems. 


Among the main agencies concerned with water and 
water-related problems in Ethiopia are The National Water 
Resources Commission, The Awash Valley Authority, The 
National Climatological Service, The Marine Department, The 
Addis Ababa Water and Sanitation Authority, The Ethiopian 
Evectric Lights and PowernsAuchnora ty, lhe Institute oF 
Agricultural Research, The Ministry of Agriculture, and 
The Municipalities Department of the Ministry of Interior. 
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A SCHEMATIC DIAGRAM OF ETHIOPIA'S WATER RESOURCE SYSTEM 
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Precipitation 


Raintal soe tne sprincipal TOrm oT DKecipr tation and, 
therefore, the primary source of fresh water tn Ethiopia. 
Snow is totally nonexistent and other forms of precipita- 
tion such as dew and hail occur in negligible amounts. 

The full stqnigi cance of raintal) to the welfare oT 
the people of Ethiopia can be realized only when one con- 
siders the fact that almost the entire agricultural produc- 
tion system rests on dryland farming and that agriculture 
is the backbone of the Ethiopian economy. An equaily 
significant point is that surface and ground water sources 
in Ethiopia obtain their replenishment strictly from the 
annual rainfall. It is also interesting to-note that the 
available sources of water strictly depend on the amount of 
rainfall that occurs within Ethiopia's borders as there are 
no rivers flowing into Ethiopia from other countries. On 
tnesconurary, most of Ethiopia s major rivers ftlkow across 
national boundaries to become the mainstay of life in 
neighbouring countries. | 

As elsewhere on the globe, the rainfall regime in 
Ethiopia is governed by the hydrologic cycle. Solar radia- 
tion and wind movement, two factors over which man has 
absolutely no control, provide the energy which keeps the 


hydrolegic cycle in perpetual motion. Although very effi- 
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cient as a gigantic desalination and global fresh water 
conveyance system, the hydrologic cycle leaves a lot to 
be desired as a system of global fresh water distribution. 
The conveyance system is, by and large, very capricious 
and the allocation process is neither reliable nor entirely 
fair and equitable on a global basis. Consequently, 
fluctuations from the established patterns of rainfall 
occasioned by a change in the direction of the moisture 
carrying winds or the amount of moisture they carry are 
Gui teomrGecucnt.s SUCHET uetlati Ons sOTrCOuUrse, Call. and do. 
from time to time, produce profound impact on the economic 
SCrsVilLVeOt a diven JoOcality or region. 

Given the predominance of such a stochastic factor 
in Ethiopia's agricultural production system, plans aimed 
at achieving accelerated agricultural growth run a very 
high risk of being frustrated unless real efforts are made 
to compensate for these inadequacies. As the most crucial 
variable in Ethiopia's water resource equation, therefore, 
rainfall needs to be looked at very closely. [In particular, 
certain characteristic features of rainfall that have pro- 
found implication for agricultural production need to be 
identified and carefully scrutinized. The most important 
of these features are: the quantity of annual rainfall, its 
temporal and spatial distribution and its intensity. These 


vital features are briefly discussed below. 
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Average Annual Rainfall 


The average annual rainfall in Ethiopia varies from 
less than 100 mm in the extreme northern and southeastern 
portions of the country to 2,500 mm in the southwestern 
highlands (Figure 3.2). Over the country as a whole, the 
amount of annual rainfall seems to be positively correlated 
with altitude and negatively correlated with latitude and 
longitude. | 

It is difticwit, tomestimate precisely the total 
volume of rain that falls over Ethiopia in any given year. 
However, an effort was made to obtain a rough quantitative 


estimate of the total volume of rainfall in an average year 


by using the following formula: 


where R = Total volume of rainfall for an average year 
measured in hecta-metres. 
A = Average annual rainfall for the nation as a 
whole measured in meters. 
t= ota l=tand=area or “tne country. in necteares . 


The crucial variable in estimating this equation is 


the amount of average annual rainfall. Difficulty in apply- 


For further detail on this point see Kebede Tatu, 
"Rainfall in Ethiopia," Ethiopian Geographical Journal, 


Sei ETSY 


Vol. 2, No. 2 (December, 1964), pp.°28-36: 
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AVERAGE ANNUAL 
RAINFALL 


- - Contour Line for 1000 metres 


— —— hohyets -100 mihmetres interval 
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SOURCE: Mesfin Wolde Mariam, 
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AVERAGE ANNUAL RAINFALL IN ETHIOPIA 


ee ee eee were et eee en 


56 


ing the formula arises from lack of adequate rainfall data 
to estimate precisely the amount of average annual rain- 
fall on a national basis. In a country where extreme rain- 
fall patterns prevail and only a few scattered weather 
Stations are available, average figures are bound to be 
very misleading. But since the intention here is to obtain 
some idea about magnitudes rather than precise estimation, 
the formula serves the desired purpose. 

Assuming A = 900 mm or .9 m,! and H = 122,200,000 ha,° 
the total volume of rainfall available in an average year 
in Ethiopia will be approximately 109.98 million hectare- 
meters (ha-m) of water or about 1.099 trillion cubic meters. 
This would amount to 42,300 cubic meters or 42,300,000 
liters’ per capita. This quantity of water is therefore 
potentially available each year. 

Judging from the above figures, the country as a whole 
seems to receive adequate annual precipitation. However, 
the spatial and temporal distribution of this precipitation 


accounts for problems in availability of water supply. 


Regional Distribution of Rainfall 
There are wide variations in the spatial distribution 


en a 


| Extrapolated from isohytes shown on Figure 3.2. 


gy 
Imperial Ethiopian Government, Central Statistical 
Office, Ethiopia: Statistical Abstract, 1972, p. 7. 
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of rainfall in Ethiopia. For instance, the annual average 
at Assab on the Red Sea coast (elevation 11 meters) is 
Sow mm, | while the corresponding figure for Gore in the 
southwestern highlands (elevation 2,002 meters) is 2,506.1 
mm. While, in general, arid to semi-arid conditions tend 
to prevail in the peripheral lowlands and relatively wet 
conditions prevail in the highlands, considerable variations 
seem to exist within each of these broad physiographic 
regions (Figure 3.3). The southwestern highlands, for 
instance, receive considerably more rainfall than the cen- 
tral and northern highlands, although the latter have con- 
siderably higher elevations. 

In Ethiopia altitude alone has traditionally been 
used «lo Chassify regions into climatic ‘zones.), This ehighly 
simplified approach is inadequate as it fails to fully 
explain why regions with the same altitude have different 
amounts of rainfall. Recently, more systematic studies have 
attempted to incorporate other determining variables in 
order to improve the explanation and prediction of the 
patterns Ofpreqionalsrarrpe lio distri bution aneEthiopies 
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Significant among these is Kebede Tatu's study,” which 
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ETHIOPIA | 


RAINFALL REGIONS 
1 Wet most of the year 
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with altitude and negatively correlated with longitude and 
latatude. “According to the concltston of this study, there- 
fore, altitude remaining constant, the volume of rainfall 
in Ethiopia decreases from south to north and from west to 
east. This conclusion is amply supported by empirical 
evidence. | The influence of altitude on rainfall, other 
factors remaining constant, has also been established. 
Rainfall data recorded at different elevations in the Awash 
Valley indicate that the average annual rainfall increases 
by 60-70 mm for every 100 meter rise in elevation.¢ 

Based on the results of his study, Kebede classified 
the country into nine different rainfall regions:° 

1. The highlands of Shewa, Wallo, Begemedir, Gojam 


and Northwestern Wellega. 


2. The western highlands of Illubabor, Wallega and 
Kefa. 
3. The western and the northwestern lowlands and 


plains. 
a ihe RittVallrey (north or the fakes district). 
5. The southern lowlands of Sidamo, Gemu Gofa, Kefa, 


and the Ogaden Lowlands. 


a ne a ne ee 


Cagie;. Oli Bier ‘etval > Systems Anatysis Methods for 


2 


Ethiopian Agriculture (Menlo Park, California: Stanford 


Researchwlustrtuveal:9690), pa t54. 


3 kKebede Tatu, “Rainfall in Ethiopia.” ip. 31. 
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6. The Red Sea coastal plains. 

/, st ne Nidhbanas or Arussi, bale and Harargie, 

8. The Northern Denkel Plain. 

9. “The"hightands of Vigre, Eritaria, Northern wWollo 

and Begemder. 
This classification seems to coincide rather closely with 
anveariiter clhasstT+icatron by Huffnagel, | who partitioned 
Ethiopia into ten different rainfall regions. 

The available evidence, therefore, clearly indicates 
that significant variations in rainfall exist among the 
various regions of Ethiopia. These variations seem to be 
adequately explained by the combined effects of altitude, 
longitude and latitude. As far as can be determined from 
the available information, most of the highland regions 
(i.e., regions 1,-2, 7 and 9 above) receive adequate amounts 
of rainfall for crop production while the lowland regions 
Wivers “Feqicns oe), 5s o and =o) dresuenerally beset by 
SCarcicy Of Fraintat!. “Ine craditional patcern of agpicul— 
tural practice has, therefore, closely followed the pattern 
of rainfall distribution. In the wet highland regions, 
mixed farming prevails, while in the dry lcwiands, cattle 


raising tends to dominate. 


Wye, Huffnagel, Agriculture in Ethiopia (Rome: 
F.A.0., 1961), p. 60. 
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Temporal Variation of Rainfal! 


The temporal variations (seasonal, interannual, and 
cyclical Variations) of rainfall are alsouot vital=tnport- 
ance to agricultural production. Rainfall is extremely 
seasonal in most parts of Ethiopia. Oniyvim the western 
highlands of Iilubabor, Wallega and Kefa does rain fal} 
most of the year... Phe, rest of the. cougery, 1s restyicted 
to a short wet season which may occur at different times 
in different regions. To date very little is known about 
thescycliicad .Dehay1Ore Of ata itd lo uit Eel ODT ad. 

In this study an attempt was made to compute the sea- 
sonal index of rainfall in the central highlands (i.e., the 
region roughly corresponding to rainfall region 1 above) 
using the average of monthly data over a seven year period. 
The period of time for which data are available was not 
considered sufficient to warrant an analysis of the cyclical 
behavior. The result of the analysis is depicted in Figure 
ore 

The data analyzed indicates that about 70 percent 
of rainfall in the central highlands occurs between June 
and September, August being the month of highest rainfall. 
Some precipitation occurs between February and April, but 
this rainfall is generally unreliable. While the seasonal 
fluctuation of rainfall in Ethiopia as a whole is consider- 
able, the interannual fluctuations of rainfall, particularly 


in the central highlands, appear to be rather small. It 
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should nevertheless be emphasized that a more systematic 
SLUCY Of McheesedsOnone trenGs and tcVCliCaleVaridttlons OT 
rainfall in Ethiopia needs to be conducted if the existing 


temporal patterns are to be fully understood. 


Rainfall Intensity 


Along with the regional distribution and seasonal 
variation of rainfall, the intensity of rainfall also has 
important implications for water supply and agricultural 
development in Ethiopia. Due to the generally mountainous 
nature of Ethiopia's topography, high rainfall intensities 
usually result in rapid run-off. The more rapid the run- 
off, the less chance for percolation and infiltration that 
would help build up the ground water stock. High rainfall 
intensities also precipitate erosion and are more likely to 
result in destructive floods. 

Typically, the rains in Ethiopia fall in heavy showers 
and downpours, suggesting a very high intensity per unit of 
time. According to Huffnagel, intensities of between 60 and 
70 millimeters per hour have been recorded in the central 


highlands. | 


The effects of high rainfall intensities are 
reflected in severe soil erosion and flooding of lower 
plains in most parts of Ethiopia. ‘'The ‘associated .loss of 


a Na ER A A 


'H.D. Huffnagel, Agriculture in Ethiopia, p. 60. 
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agricultural output is believed to be considerable. 


Surface Water Resources 


Surface water resources in Ethiopia are, by and large, 
flow resources that are constantly renewed by precipitation. 
Consequently, different quantities of these resources become 
available at different times. The characteristic of such 


| DOIntS OUL. 1S  tnat tne flow 


resources, as Ciriacy-Wantrup 
without use, may increase or decrease continuously or dis- 
continuously at either a constant or varying rate. Since 
there is no relationship between present and future flows, 
it should be possible to maintain use of surface water 
sources indefinitely as long as adequate precipitation 
continues. 

In Ethi¢pia, three types of surface water sources 
can be distinguished: rivers and streams, freshwater lakes 
and ponds, and sea water. Freshwater lakes and rivers, 
constitute by far the largest sources of water supply for 


“4 
f 
‘ 


withdrawat uses in Ethiopia. Except for a limited amount 


of fishing, salt mining and navigation, Ethiopia has not 
made use of the waters of the Red Sea to any appreciable 
extent. While the direct use of water from the Red Sea for 


consumptive purposes is not possible at present because of 


S.V. Ciriacy-Wantrup, Resource Conservation: 


Economics and Policies (3rd Edition: Berkeley: Division of 


Agricultural Sciences, University of California, 1968), 
eas. 
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its saline nature, it does represent an important potentia! 
source for supplying the water requirements of the coastal 
lowlands provided that low cost desalinization and convey- 
ance technologies are available. Meanwhile, the present 

uses of the Red Sea can be expanded considerably with pro- 


per planning and investment. 


Rivers and Streams 


Ethiopia is endowed with a large number of rivers 
and streams. While many of the smailer streams carry water 
only during the season of heavy rains, practically all of 
the larger rivers have permanent flows. However, their dis- 
charge rates vary considerably, depending on the season. 
Maximum discharge rates of the large majority of rivers 
occur during the wet season of June-September, with the 
peak-nonthty—ditscharge-occurring=in-August>—thus—coinciding 
with the month of highest rainfall in the highlands. ' 

Average annual flows as well as the power and irriga- 
tion potential of the major Ethiopian rivers are shown in 
Fable 3.b. sihe figures cleanly indicate that practically 
all the major rivers of Ethiopia have considerable potential 


for either hydro-power or agricultural development. The 


a 


q Unpublished data compiled by the Ethiopian Water 
Resources Commission over the past decade indicate that 
the highest mean discharge rates of the major rivers occurs 
during the month of August. 
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TABLETS, 1 


POWER AND IRRIGATION POTENTIAL OF 
MAJOR ETHIOPIAN RIVERS 


Average Estimated Estimated 
Length Annual Flow Irrigable Power 
Inside Discharge Area Potential 
Ethiopia (Billions Commanded (Millions 
River (km) of m3) (ha) of kwh) 
Abay (Blue Nile) 800 53.0 440,000 24,900.0 
Awash 1200 5.4 200.000 1,304.0 
Baro! Pay TT 28 heal? Veeorre 
Genale> 480 reabke nea. 654.0 
Mereb 440 Is ea 569.2 
Omo 760 TOO2Z leds es 4,595.9 
Tekeze” 608 11.0 nea. By Oded 
Wabi Shebelle leo O0 TOT5 758446 
| Includes the flows of Baro Akobo, Akobo and Chelo 
Rivers. 
2 


Not available. 


3 Includes the flows of Juba, Dawa, and Gastro Rivers. 


4 
Rivers. 


Includes the flows of Atbara, Angreb and Gunda 


SOURCES:. Imperial Ethiopian Government, Central Statistical 
Depice,VEtLh ODIO: Statistica lsAbSstract, 9725 "p. #73 


ee 


Unpublished Data from National Water Resources 
Commission; and I.E.G. Ministry of Planning and 
Development, Regional Aspects of National Planning 


in Ethiopia: Part II, Appendix B. 
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largest Ethiopian river, the Abay, drains an area of approxi- 
mately 30.55 million noceaae!. of which about 440,000 hec- 
tares are irrigable.° The average annual flow of the Abay 
River is estimated to be 53 billion cubic meters.> The 
average annual sediment load is estimated at 500 million 
tons. It has seven major tributaries, each contributing 

more than two billion cubic meters of water annually.” 

The Wabi Shebelle River is probably the second largest 
MiVEerninaethe,counthyyesewithyan annualet Lowrofel0.5ebiklion 
cubic meters.» The Wabi Shebelle Basin is estimated to 
cover 200,000 square kilometers or approximately 20 miliion 
hectares.° Although the extent of the irrigation potential 
of this river has not been established, its potential for 
hydro-power development (Table 3.1) appears to be consider- 
able. 


Of the major rivers of Ethiopia, the Awash River is 


U.S. Bureau of Reclamation, Land and Water Resources 
Ope cheep lueaNi te Basin yap. 


LDU aD nen bane oo 


= Unpublished data from the National Water Resources 
Commission. 


: Imperial Ethiopian Government, Ministry of Planning 
and Development, Regional Aspects of National Planning in 
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very unique in many respects. | lias) the onivemas oY iver 
in the Ethiopian Rift Valley, and it is the only one flow- 
ing due east. Most important of all, unlike all the other 
major rivers which eventually leave Ethiopian territory, 
the Awash River runs its entire course within Ethiopia. 
The Awash River begins its 1,200 kilometer journey in the 
central (Shewan) highlands of Ethiopia and flows in a 
northeasterly direction to its final destination in Lake 
Abe in northeastern Ethiopia.. Its basin covers an area of 
about 70,000 square kilometers, or approximately 7 million 
hectares, and has an irrigablie area of about 200,000 hec- 
tares.* Approximately 151.8 thousand kilowatt hours of 
electricity is presently produced annually in the Awash 
Basin. 

The regional distribution of Ethiopia's rivers is 
depicted on Figure 3.5. All the major rivers originate in 
the high rainfall areas of the highlands and flow toward 
the more arid lowlands in the west and east. Since the 
headwaters of most of the major rivers are mountain springs 
which depend on available rainfall to replenish their supply, 


the proper management and protection of headwaters is of 


oe 


| For further elaboration of this point see: Mesfin 
Wolde Mariam, "The Awash Valley: Trends and Prospects," 
Ethiopian Geographical Journal, Vol. 2, No. 1 (June, 1964). 


é Food and Agriculture Organization, Survey of the 
Awash Basin, Volume V: Irrigation and Water Planning (Rome: 


Pares0t. 1965 ath Oe. 
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ETHIOPIA 
DRAINAGE 


IA The Abbay Basin 
IB. The Tekkeze Basin 
IC The Baro Basin 
ID The Mereb Basin 


IA The Barka Basin 
IB The Red sea Basin | 


IIA The Ghenale Basin lea 
IIIB The Shebelle Basin 
IVA The Ghebe Basin | 
IVB The Lakes Basin | 
IVC The Awash Basin 
IVD The Afar Basin Jae 

12° 

4l0° 


: a 


tee 
Scole 
ae ae al 200 Se OE One 0 4° 
J Ses ile t a L i. i 
34° o6° 389 40° 42° 44° 46° S° 
SOURCE: Mesfin Wolde Mariam, An Atlas of Ethiopia (Asmara, 
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crucial importance in the maintenance and regulation of 
the flow discharge of Ethiopia's water-courses. 

It is perhaps significant to note that, while no 
exotie rivers floweanto Ethiopia, the important Ethiopian 
rivers, with the exception of the Ghibe and the Awash, flow 
across international boundaries to provide crucial supplies 
of water to the neighbouring countries of Somalia and the 
Sudan. | This condition has led some experts to dub Ethiopia 
the "water tower of Northeast Africa."© The implication of 
the foregoing situation to future water resource develiop- 
ment in Ethiopia is, of course, far-reaching. For one 
Changs. 1L indicates «that ELNtObla s Water supply strict ky 
depends on the amount of rain that falls within the geo- 
graphic boundaries of Ethiopia. On another plane, it implies 
that large-scale river basin development schemes that have 
the potential to affect the flow of some of the major rivers 
may have international repercussions. 

The latter point seems to be of little relevance at 
CUNesepOrnt aS lt. 15 dit hicule tO .antlelpatve iver basin 
development schemes in the foreseeable future that will 
Sianiticancly attey, the hiow of EXhTopilass Major rivers. 
Thestivs tapoOint. NOWeVer.e ads STON Icant ine that 1t correctly 


eT RN RHO le OY 


' Mestin Wolde Mariam, An Atlas of Ethiopia, p. 14. 


é C.R.K.~Prashar.,iCrop,Water; VseuStugiesein,Ethaopia, © 
Supplement to the Journal of the Association for the Advance- 


ment of Agricultural Sciences in Africa, YoT. 2, Supplement 
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indicates that the availability of water in Ethiopia depends 
on how successfully she protects, develops and utilizes her 


watersheds. 


Lakes and Ponds 


The second type of surface sources of water are lakes 
and ponds. Of significant interest among Ethiopia's lakes 
are the so-called Rift Valley Lakes. These are a string of 
six lakes extending from southwest Ethiopia along the Rift 
Valley to the heartland of central Ethiopia. The signific- 
ance of these lakes lies in their strategic location from 
the standpoint of agricultural development, wildlife conserva- 
tion and the development of water based recreation. 

Lake Tana, located in northwest Ethiopia, is the 
largest Ethiopian lake and is also the source of the River 
Abay, Ethiopia's largest river. Lake Tana has an estimated 
water storage capacity of approximately 21.49 billion cubic 
meters (Table 3.2). The storage capacity of Lake Abaya, the 
largest of the Rift Valley Lakes and the second largest lake 
in the country, is estimated to be about 9.9 billion cubic 
meters. The total water storage capacity of the major 
Ethiopian lakes is estimated to be in the order of 55.05 
billion cubic meters (Table 3.2). 

In addition, Ethiopia is endowed with a number of 
smaller lakes and numerous ponds, all of which serve as 


actual or potential sources of water. Although expected to 
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APPROXIMATE SIZE AND STORAGE CAPACITY 
OF ETHIOPIAN LAKES 


i i 


Estimated Water 
Altitude Area Storage Capacity 


Name of Lake (m) (km@ ) (Billions of m°) 
Abaya la2os 1,160 9.952 
Abiyata ake 205 1.894 
Ashenge 2,409 20 0.330 
Awasa 1.708 129 02651 
Bishoftu =. as on 
Chamo Te285 55] 32636 
Hayk 551 35 07534 
Koka =e a4 22 
Langano T7565 230 6.982 
Shala 197567 409 6.485 
Tana 1,840 3,600 21.492 
Ziway 13846 434 Te 145 


a a 


Total Storage Capacity | 55.0504 


SOURCE: Imperial Ethiopian Government, Central Statistical 


ET CG. SGN NODC cmeS merci s Ud Cal OS ena C Uy nuns, 
(Addis Ababauwcciivideokatisticelmostices | 9yZ... 


i. /. Jhe Storage Gapacaty 15 €Stimated by the 
author on the basis of area and average depth. 
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be considerable, the full potential of Ethiopia's lakes. 
and ponds as sources of water for agricultural and indus-" 
trial uses has not yet been systematically assessed. Pre- 
sently most of these natural reservoirs serve as main 
sources of livestock and domestic water supply for the 
population living adjacent to them. Despite the existence 
of a great need for a reliable source of farm water supply 
in Ethiopia, man-made farm ponds and dugouts are conspic- 


uously absent from Ethiopian farmsteads. 


Ground Water Resources 


Very little is known about ground water resources in 
E1071 a. Cienote: experience indicates that bore holes 
and wells are common sources of water supply for domestic 
and livestock use in many parts of Ethiopia, no systematic 
study regarding the occurrence of ground water, its hydrau- 
hiGaGharacteristies .stheaud ist eibu GiLoneof pve Liseand thet 
yields has yet been made. Even less is known about the 
potential of ground water as a source of irrigation water. 

However, it appears reasonable to postulate the exist- 
ence of significant quantities of ground water in-Ethiopia 
on the basis of the nation's relatively high mean annual 
rainfall and the structural formation of the land. Never- 
theless; suntt.1 suihieient.sc Lent itic «investi gatt.ons is con 
ducted, not much can be said about the ground water resources 


of Ethiopia, except perhaps that this is .a resource that 
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the country cansill affordstodneglect.vkltemust.also be 
pointed outethatethis¥bhackseofeinformation limitshthe 

choice of water development projects to surface water 
development only and surface sources are not always the 
most economical to develop. As well, public water policy 
Should recognize the close interrelationship that exists 
between surface and ground water resources and consequently 
should consider the possibility of integrating surface and 


ground water development. 


Water Demand in Ethiopia 


Attention will now be directed to the evaluation of 
demand for water in Ethiopia. Four types of sectoral 
decmands for water may be recognized in Ethiopia -- house- 
hoid demand, agricultural demand, industrial demand, anda 
the demand for flow uses of water. Each of these sectoral 
demands will be discussed in the following section, but 
first a concise theoretical description of water demand 
will be presented. 

Water is both a consumer and a producer good. As a 
consumer good it is used directly by households to satisfy 
water-related needs. Consumers derive satisfaction from 
water not only when they drink it or when they use it for 
daily cooking, cleaning and sanitation, but also when they 
go outdoors to enjoy water-based recreation. 


As a scarce consumer good, fresh water is subject to 
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the general laws of consumer demand. Therefore, the same 
general factors that influence the demand for other con- 
sumer goods can be expected to influence the demand for 
water. Given the tastes and preferences of consumers, 
particularly as regards their food preparation habits and 
life-styles, a consumer demand function for fresh water may 


be postulated as follows: 


where F(w) quantity of water demanded per unit of time, 


Ee = price of water per unit of time, 
Y = consumer income per unit of time, 
Ps = price of other goods per unit of time. 


The total quantity of water consumed by all the consumers of 
a given location at any given time can then be derived by 
summing the quantities demanded by consumers at that speci- 
TC. Cine! 

As a producer good, water has the capability, in 
proper combination with other inputs, to produce intermedi- 
ate or final consumer goods. Water or water services are 
demanded in a wide range of productive activities, including 
agriculture, industry, and the service sector. It would 
not be an exaggeration to say that it is difficult to find 


an agricultural or industrial process that does not use water 
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in one form or another. 

As a factor of production, water has a derived demand 
and is subject to the general taws of factor or input 
demand. The demand function for water as an input may, 


therefore, take the following form: 


F(w) = Wee Pas Fo = OH fp 25 i) ton) 
W Q 
where F(w) = the quantity of water input demanded per 
unit of time, 
Pa = the price of water per unit of time, 
PQ = the price of output per unit of time. 


At equilibrium, the price of water ay) must be closely 
related to the marginal value product of water. According 
to the behavioral relationships expressed in equation (3.2), 
the demand for water as a factor of production is negatively 
related to the price of water and positively related to the 
price of the output that it helps produce. Analogous to 
the theory of consumer demand, the relevant individual firm 
demands must be added to obtain the total quantity of water 
demanded by the firms operating in a given locality at any 
given time. 

Having briefly described the theoretical aspects of 
demand for water, the characteristics of water demand in 


Ethiopia will now be investigated. An effort will be made 
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to explain the various classes of water demand in Ethiopia, 
and to provide an overall picture of the existing level of 
consumption. More specifically, household demand, agri- 
cultural demand, industrial demand, and demand for water 
services such as hydro-power generation, navigation and 


recreation will be briefly discussed. 


Household Water Demand 


In order to put the nature and characteristics of 
household demand for water in Ethiopia in proper perspective, 
it is essential to distinguish between rural and urban house- 


holds. 


A. Rural Household Water Demand 

Most Ethiopians live in scattered rural villages. 
The village water supply usually comes from a nearby stream 
or an undeveloped spring. The required daily supply is 
carried home by the housewife in a big clay jar, and it is 
not uncommon for her to make two or more trips daily to draw 
water from the local stream. Common observation seems to 
indicate that most rural housewives travel a distance of 
over one mile to obtain their daily water supplies. In some 
areas, notably in the semi-arid lowlands, people have been 
known to travel a day's journey to draw water. Under these 
circumstances, it is obvious that water is not a marketable 


commodity and hence it would appear superfluous to speak of 
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demand for water in the rural areas of Ethiopia. But since 
demand is a price-quantity relationship, such a relation- 
ship can be established by imputing value to the time and 
effort expended by the housewife in drawing water. In 
another sense, the time spent by the housewife in drawing 
water does have an opportunity cost! since larger units of 
water can only be consumed if the effort required to obtain 
them is small. A price-quantity relationship can be esta- 
blished (Figure. 3.6) by treating the opportunity cost of 
obtaining water as the price of that quantity of water. 

As illustrated in Figure 3.6, a demand schedule can 
be established for rural household water consumption by 
relating the imputed value of effort expended to obtain 
water and the quantity of water consumed. Common observa- 
tion in rural Ethiopia seems to indicate that villagers who 
have to travel longer distances to draw water are more 
frugal in their use of water than those who have the source 
of supply close to the village site. Differences in consump- 
tion levels can also be observed within the same household 
in different seasons of the year. During the rainy season, 


when rain water is available close to the settlement, quan- 


l To the extent that there is unemployment or under- 
employment among rural housewives, the opportunity cost of 
a housewife's labor spent in drawing water may be zero. 

But experience and common observation seem to indicate that 
despite the existence of unemployment and underemployment 
in the general labor force, housewives, particularly rural 
housewives in Ethiopia, represent a fully employed sector 
of the population. 
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FIGURE 3.6 


HYPOTHETICAL WATER DEMAND SCHEDULE 
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tity consumed tends to increase as compared to the dry sea- 
son when more effort is required to obtain a unit of water. 
Income is also a factor in the quantity of water con- 
sumed because relatively well-to-do families have better 
facilities for drawing and storing water. They can also 
afford domestic help whose job, among other things, is to 
draw water. Wealthier families may even have private wells 
close to the village, with a resultant increase in quantity 
of water consumed. Consequently, the total quantity of 
water demanded by rural households in Ethiopia can be deter- 
mined by horizontally summing the individual rural household 
demand curves. There is at present no estimate available 
to indicate the quantity of water consumed by households. 
But assuming a per capita consumption of 11 liters per day 
and an estimated rural population of 23.76 million (i.e., 90 
percent of the estimated total population), total rural 
household water consumption will be in the order of 95.4 


billion liters per year. 


B. Urban Household Water Demand 

Water supply systems in most major urban centers in 
Ethiopia are owned and operated by municipal authorities. 
Water Supply in the smaller unincorporated towns, however, 
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This quantity has been recommended by an F.A.0. team 
in a recent study on rural household consumption ae Libya. 
See F.A.0., Development of Tribal Lands and Settlement Pro- 
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ise tpelresponsibi hit yocote thes Ministryiofe intersor: 
outstanding characteristic of urban water supply systems 

in Ethiopia is the fact that a large majority of the urban 
dwellers purchase their daily water supply from public out- 
lets. Very few households have house connections and still 
fewer households enjoy the conveniences of running water, 
indoor toilet and bath facilities. 

The rates paid by consumers seem to vary according to 
the distribution system used and the geographic jocation of 
thelcityepsroreinstances? thetpricespaidiatithespub) ici out- 
lets varies from approximately E $0.005/liter in Addis Ababa 
to E $0.008/liter in Dire Dawa, a city located in the 
eastern lowlands where water is very scarce. 

The effect of family income on water consumption is 
also much more pronounced in the urban centers than in the 
rural areas. The urban high income groups usually have such 
modern conveniences as running water, indoor toilet, bath 
and laundry facilities, all of which add significantly to 
the water consumption level of the households. In contrast, 
the lower income class, who constitute the large majority of 
urban dwellers, do not enjoy any of these conveniences and 
consequently their water consumption level is comparatively 
lower. 


The level of urban per capita water consumption in 
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Ethiopia is very low compared to consumption levels else- 


Urban per capita water consumption 


where in the world. 
does not exceed 17 liters/day. Assuming a per capita con- 
sumption of 17 liters/day and a total urban population of 
2.6 million, total water consumption in the urban areas of 
PUnRTopre woutrde*bes in tthierorder of *hools bl tivon Freers per 
year. Urban demand is, of course, likely to increase with 
increases in population, urbanization and per capita income.“ 
Household water demand, however, accounts for a very 
small proportion of total water demand in Ethiopia. The 
major water consuming sectors are the productive sectors of 
the economy. The demand for water as a producer good by far 
exceeds consumer demand. The water demands of agriculture, 


industry and service sectors are presented next. 


Agricultural Water Demand 


Wate yelSs.an siunpoptant input win the sagr icu tural .prnoduc- 
tion process. Both crop and livestock production processes 


require adequate water supplies for optimum yield. For 


For further comments and background information on 
this point see B.H. Dieterich and John M. Anderson, Urban 
Water Supply Conditions and Needs in Seventy-Five Developing 
Countries, World Health Organization Public Health Papers 
Noe 23° (Geneva SieaHiaOiseh1,9'631)r 


* See Terrence R, Lee, Residential Water Demand and 
Economic Development (Toronto: University of Toronto, Depart- 
ment of Geography, University of Toronto Press, 1969), for 
an interesting perspective on the relationship between resi- 
dential water demand and economic development. 
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instance, it has been estimated that in the temperate zone 
about 2,000 liters of water are required for every kilogram 
of wheat harvested, 1,200 to 1,600 liters of water per kilo- 
gram of harvested green grass, about 4,800 liters of water 
Deva Lrtenscofamnubkevand about 29.600elitens ofewaterefoneone 


kilogram of fee?! 


It has been suggested that because of 
higher evapotranspiration, twice as much water is required 
in tropical areas as in temperate areas. 

At present almost the entire crop production system 
jonbthiopiawsconsistsmort idyydandetarmindyussOn!] Veassmall _por- 
thonvsof thescultivated area as.underdinnrigationsenRecent 
estimates put the figure at 68,000 h eaeyae about 50 per- 
cent of which are located in the Awash Valley. The pre- 
sently irrigated area therefore represents approximately 
LOspencent,ofathonndenti iiedsireigebletareasein ~The county, 
and prospects for future identification of more irrigable 
land when existing and future water resource surveys are 
completed appear very good. Irrigated area as a percentage 
of currently cultivated land area, however, is a negligible 
0.005 percent. 

Under existing conditions, therefore, Ethiopia's 


agricultural water requirement is met by rainfall and soil 


George Borgstrom, World Food Resources (New York: 


INTEXT = Educational Pubtisnherssm19/5) .pne64. 


Imperial! Ethiopian Government, Third Five Year 
Development Plan, 1968-1973, p. I10. 
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moisture. However, it is very doubtful that the existing 
and future food demands of the rapidly increasing popula- 
tion can be met by relying on dryland farming alone. The 
dryland farming system is already under severe strain, and 
relief must come from, among other methods, expansion of 
irrigation, for which the country already possesses suffi- 
cdentepotentiad ? 

Agricultural water demand in Ethiopia, therefore, 
Consists of an emerging demand for irrigation water and the 
provision of water for livestock use. Water demand for 
both of these purposes is a derived demand and hence depends 
on the marginal value product of water in these uses. In 
either of these activities, water is considered efficiently 
allocated if it is applied up to the point at which its 
marginal value product equals its supply price. It should 
be kept in mind that subsidized or otherwise unrealistically 
set water rates are not an adequate reflection of the true 
SUPppl YA price: of waten.« Pls economics ef ficiencysissitos bes the 
main criterion for allocating water in productive activities, 
it is essential that the price charged must take into 
account =the full cost otymaking the specified ‘quantity. of 
water available at the point of use. 

Very little is known about the efficiency of water 
use in the irrigated areas of Ethiopia. Since the pro- 
ducers are responsible for developing their own water supply, 
they do not pay any water charge at present. However, there 


are plans, at least in the Awash Valley, to construct diver- 
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sion dams and eventually provide water to farm headgates. 
If and when this plan materializes, a water charge of 

E $0.005 per cubic meter has been suggested. | Whether such 
a rate takes into account the full cost of supplying the 
indicated quantity of water to the farm headgate is not 
clear. Research is urgently needed to establish the real 
cost®and*™the®value"of* the marginal Vproduct of*irrigation 
water under various cropping patterns. Determination of 
the overall efficiency of water utilization in the areas 
which are presently irrigated is an essentia! step in the 
process of formulating long run irrigation policy. 

The existing level of water used for irrigated crops 
represents only a small percentage of the potentially avail- 
able irrigation water supply. Current water use amounts 
to approximately 612,000 cubic meters per annum as compared 
to about 574 million cubic meters proven to be available 
for irrigation in the Abay and Awash River Basins.“ 

As) iv ‘Crop production, the "avai rabili ty of ®an adequate 


and clean water supply is a crucial factor in livestock pro- 


] 


Farming Systems us ree Areas a Satna Experiment 
Station Bulletin Dire Dawa, NLOOVa? MolUs e Coll eqe ot 
Agriculture, eae ae 


Mees Quenemoen, Potential Returns from Commercial 


é For information on irrigable area in the Abay Basin 
see: United States Department of the Interior, Bureau of 
Reclamation, “Appendix VI: Agriculture and Economics," 

Land and Water Resources of the Blue Nile Basin, and for 
corresponding information on the Awash Basin, see: Food and 
Agriculture Organization, Survey ot of the Awash River Basin, 
Volcom Genera Report (Rome: F.A.0., 1965). 
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duction. The need for water arises not only from the direct 
consumption requirements of the stock but also from the 
necessity to produce supplemental forage to be used by the 
stock during the dry season. The demand for water in either 
of these uses is a derived demand; it is derived from the 
demand for livestock and livestock products. Consequently, 
the demand for water for these purposes can be expected to 
increase if the demand for livestock and their products 
increases. 

Presently, there is no irrigated forage production 
in Ethiopia and livestock as a rule subsist on native range 
and unimproved pasture. Most native pastures are of low 
Carrying capacity. There is also evidence of widespread 
overgrazing throughout the country. Among other things, 
therefore, lack of adequate feed resources and shortage of 
water, particularly during the long dry season, seem to have 
kept livestock output at a very low level. 

In 1974, the daily water requirement of the livestock 
population was estimated to be about 677 million cubic 
meters (Table 3.3). Undoubtedly, future attempts to improve 
livestock output in Ethiopia through improvement of fodder 
and provision of water as a free choice would substantially 
raise the average daily consumption of water. It is there- 
fore realistic to expect an increase in demand for livestock 


water supply in the years ahead. 
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Industrial Water Demand 


Many industrial processes require water either directly 
iNethely Manulaecurindseprocesses, or for cooling. sanitation, 
and waste disposal purposes. The industrial sector in 
Ethiopia is largely composed of such heavy water using 
industries as food processing, beverage and textile manu- 
facturing, and sugar refining. However, since the level of 
industrialization in Ethiopia is very low at present, total 
industrial water demand does not amount to much compared to 
the other classes of water demand. Future industrial water 
demand, however, can be expected to increase significantly 


as erforts Tor further wmdustrial expansion are intensified. 


Demand for Flow Uses of Water 


In addition to the above withdrawal demands, Ethiopia's 
water resources are used for flow uses such as hydro- 
electricity generation, navigation and recreation. The 
extent to which flow uses are important to Ethiopia can be 
reckoned by considering the figures in Table 3.4., Since 
1967 over 70 percent of Ethiopia's electric energy has come 
from hydro sources. It is tnteresting to note that the 
existing hydro-electricity production of 307.48 million kwh 
percannum 1S less thanss percent of the total estimated 
hydro-power potential of the major Ethiopian rivers (see 


Table 3.1). While none of Ethiopia's rivers, except a small 
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TABLE 3.4 


ELECT RIECBENEREY PRODUCTION LN 
PaO PL Ar 19.8 5 107.2 
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Hydro as 
Hydro Thermal Percent of 
('000 kwh) ('000 kwh) Total Total 
146,000 106,242 252 4242 7 ac 
20S 45 6 84,237 294,493 Gia l4 
CoO eat 89,416 S22,095 72.3) 
240,008 100,756 340,764 70.43 
Coola 108,880 307,039 pA smpege. 
2995575 DFG 00.0 416,195 71.98 
307,480 430,893 Yao O 
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stretch of the Baro River in western Ethiopia, are navig- 
able, their potential for recreation and aesthetic purposes 
is immense. 

The important point that emerges from this quantita- 
tive appraisal of Ethiopia's water resources is the marked 
possibility that demand in all sectors will increase signi- 
ficantly in the years ahead. Although the potentially avail- 
able sources of water supply are considerable, proper plann- 
ing and sufficient investment will be required to meet the 


expected increase in demand. 


Water UudaIn cy IN Eth TOD 1a 


An important part of a nation's water resource 
appraisal involves quality considerations. Various types 
of water uses require a specified quality of water. For 
instance, household water supply must be free of soluble 
Salts, disease-causing organisms and objectionable odors 
and tastes. Irrigation also requires water with no or very 
low salinity, while industrial processes require specified 
quality levels depending on the type of manufacturing and 
the water's specific function in the manufacturing process. 
Water supply sources, whether surface or ground, must there- 
fore meet acceptable quality standards based on the purpose 
for which they are intended. 
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concern. However, some pollution problems do presently 
threaten the nation's water resources. The three main 
sources of water pollution in Ethiopia are: human or 
domestic waste, agricultural pollutants and natural sources. 

Pollution from human and domestic waste arises from 
the lack of adequate waste disposal systems in both the 
urban and rural areas of Ethvopia. “Ihe “absence of “proper 
and sanitary human waste disposal facilities has generally 
led to the use of open space for such purposes. Unfortun- 
ately, wastes so disposed are often carried into streams 
and lakes and consequently end up dangerously contaminating 
the sources of water supply. This practice seems to have 
contributed to the spread of a wide range of waterborne 
diseases, many of which are endemic in Ethiopia. 

Although the use of agricultural chemicals is very 
Ayinnted wir ethropita, agriculzuraltdcliviT ty Stir): remains a 
considerable source of water pollution. The most serious 
problem in this regard is soil erosion. The mountainous 
terrain of the Ethiopian highlands, where the major farming 
activity is located, and the traditional farming practices 
that dangerously expose the soil to heavy water and wind 
erosion have combined to produce one of the most heavily 
eroded regions in the world. Therefore tne Ethiopian farmer 


not only contributes to the annual loss of tons of produc- 


tive soil but also causes streams, lakes and reservoirs to 
be degraded and silted up at an accelerated rate. 


Aside from man's intervention in the environment, 
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nature also contributes to the impairment of water quality 
in Ethiopia. Depending on the biological, chemical and 
physical properties of the strata over which water passes, 
it accumulates, either in dissolved or suspended form, 
various substances that significantly alter its original 
properties. The presence of these contaminants in the water 
course can impair the quality of the water so as to make it 
unfit for direct use for a wide variety of purposes. 

Salinity, for instance, arises from the presence of 
large quantities of salts that have been dissolved in a 
particular body of water. The salt is picked up as water 
flows over saline soils and geological formations with high 
salt content. Such contamination is a common occurrence 
both in surface and ground water sources and is particularly 
severe in arid and semi-arid regions. 

[tt EtHhiOpTa, Satinicy 1S a PaYrticudarty seriTous pro- 
blem in the semi-arid lowlands. Although most of the rivers 
that originate in the highlands can be expected to have low 
salt content in their upper reaches, salinity tends to 
increase as the rivers descend to the lower plains, where 
rainfall is scanty and the rate of evapotranspiration is 
relatively high. The salinity problem has very serious 
implications for the development of irrigation in the semi- 
arid lowlands of Ethiopia. Not only is water over a speci- 
fied level of salt concentration not acceptable for irriga- 
tion, but lack of proper and adequate drainage causes salts 


to accumulate on irrigated fields. If adequate drainage 
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and occasional flooding of fields with sufficient quanti- 
ties of water to wash out the accumulated salt are not 
provided, yields may eventually decline and subsequently 
lead to the permanent abandonment of the fields. History 
unequivocally provides many instances of cases where 
civilizations based on irrigation, for example, the early 
Civilization of the Middie East, perished owing to salinity 
build-up. Fortunately, adequate provisions can be made to 
combat this potential problem when planning irrigation 
development. Among such provisions are the designing of 
adequate drainage facilities, the occasional flooding of 
fields and the inclusion of salt -loving crops in the rota- 
tion program. 

In planning water development programs, therefore, 
Ties vitally important. to, consiger not only the quantity 
but also the quality aspects of water. Measures for reduc- 
Ing existing pollution and safeguarding against future 
pollution should be an integral part of all water develop- 


ment plans. 
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CHAPTER IV 


DESCRIPTION OF THE STUDY AREAS 


The theoretical and conceptual discussions in the 
preceding chapters have demonstrated that water resource 
development has significant potential as a source of agri- 
cultural outpum growth impEthiopiam More specifically, 
it has been suggested that investment in agricultural water 
supply projects can make substantial contributions to the 
expansion of food production and rural employment. Never- 
theless, in order to properly assess the potential economic 
impact of water development in Ethiopia, it is necessary 
to make an intensive empirical study. Accordingly, two 
study areas were selected for conducting detailed empirical 
investigation (see Fig. 4.1). 

The first study area selected is the Megech River 
area. This area is situated in the Abay River basin and 
encompasses approximately 5,890 hectares of irrigable land. 
The areawis fairly typical of the Ethiopian highland 
plateau, with its characteristic mixed subsistence farming, 
moderately cool temperature and distinct wet and dry sea- 
sons. The second project area is the Kesem River area. 

It is located in the Middle Awash Valley, and covers approxi- 
mately 5,650 hectares of irrigable land. The Kesem River 


area is fairly representative of the dry lowlands of 
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Ethiopia. The project area is generally characterized by 
high annual average temperatures, normally low and fre- 
quently unreliable rainfall and a primary economy based 
on nomadic pastoralism. 

Besides being fairly typical of their respective 
regions, these two areas offer special opportunities for 
careful and detailed economic analysis because as part of 


Surveys, their agrono- 


the Blue Nite! and Awash River Basin 
mic characteristics and physical potentials have been fully 
documented. This chapter, therefore, brings together basic 
information concerning the specific location, soils and 
climate, existing agricultural practices, transportation 
and market outlets of each of the project areas. A brief 


description of the project proposed for each region is also 


presented. 


Megech River Project Area 


Location 
The Megech River study area is located in the Abay 


River Basin; slightly northeast of Lake Tana., The center 


; United States Department of Interior, Bureau of 
Reclamation, Land and Water Resources of the Blue Nile 
Basin. 


2 Food and Agriculture Organization, Survey of the 
Awash River Basin, Vol. I: General Report; Vol. Il: Soils 


and Agronomy; Vol. IIT: Climatology and Hydrology; Vol. IV: 


Water Storage and Power Development; and Vol. V: Irrigation 


and Water y Planning. 
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of the project area is fixed at approximately 12° 25' 

north latitude and 37° 30' east longitude, and is roughly 
20 kilometers due west of the Addis Ababa-Gondar national 
highway. The area lies at an elevation of 1,830 meters 
(6,020.7 ft.). The land area being considered for develop- 
ment is 5,890 hectares adjacent to and commanded by tne 


Megech River. 


Soils, Topography: and Climate 


Although a wide variety of soils prevail in the 
Megech River Project area, two types of soils, grumusols 
and latosols, dominate. | These soils are quite characteris- 
tarcge0 fo tL Neasioinstofs thes Et htop ans hig hlandsna ) Ase ine many 
parts of the highland plateau, the grumusols make up a 
Significant percentage of the lands of the Megech River 
Project area. The grumusols are dark grey in color and 
have a high percentage of clay, a high coefficient of expan- 
sion and contraction, and a low organic matter content. 
They generally exhibit a marked tendency to crack deeply and 
widely during the dry season. They have a pH of between 
5 and 7. Although they have poor drainage, they are non- 
saline and under good soil management can be made to produce 


well with irrigation.* 


| United States Department of Interior, Bureau of 
Reclamation, "Appendix V: Agriculture and Economics," Land 
and Water Resources of the Blue Nile Basin, pp. 2-3. 
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Ibid. 
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The latosols are generally red clay soils found in 
gently sloping areas. They constitute a smaller portion 
of the project area. As a rule they are finer in texture, 
more acidic, more water receptive but less fertile than 
the grumusols. 

The topography of the area varies from relatively 
flat plain on the southern edge to gently sloping high 
aqroundéeinethe Worthernhiportions albying- at anialtitudeeot 
1,830 meters above sea level, the area enjoys a "“woina 
dega"” or temperate zone climate. In common with much of 
the central Ethiopian plateau, the Megech project area has 
a relatively cool, pleasant climate with a narrow annual 
range of temperature and a distinctly seasonal pattern of 
rainfall ydistuibution. 

Although there is no weather station in the project 
area itself, weather records have been kept since 1955 at 
Bahr Dar, about 60 kilometers south of the project area. 
These records show that the area has an average daily 


] 


temperature of around 18.5°C, while the average daily maxi- 


mum and minimum are 26°C and 10.9°C,¢ respectively. Daily 
variation in temperature is very limited throughout the 
year, but the nignt temperatures show some variation. 


Night temperatures are usually at their lowest in December. 


—————— ——— 


Imperial Ethiopian Government, Central Statistical 


CificemLtnioplas stalisticalosAbstract. 1972. p. Wes 
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The highest daily temperatures occur in March, April or 
May. Although there could be occasional frosts in October 
or November, temperatures are ideal for crop production 
throughout the year. 

The long term average annual rainfall for the area 
LS altind 90.49 Tilaiende eevee a with the highest recorded amount 
being 1,844.7 millimeters (1971) and the lowest, 1,065.9 
millimeters (1965). While this amount of rainfall seems 
to provide an adequate level of moisture for plant growth 
and other purposes, its seasonal distribution is highly 
skewed. The moisture deficit is exacerbated by the high 
rate of evapotranspiration during the dry season. The net 
result of the drastic variation in moisture levels is eco- 
logically devastating and it affects the well-being of the 
human population in every conceivable way. 

Generally speaking, the rainy season extends from 
June to the middle of October, but small rains do occur in 
April and May. These, however, are usually unreliable for 
crop production purposes. The remainder of the year has 
little precipitation. Hence, severe water stress prevails 


throughout the region between late October and mid-April. 


Population 


The present population of the Megech Project area is 
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estimated to be about 6,904, ! with an approximately fifty- 
fifty sex ratio. The population is entirely rural, deriv- 
ing its livelihood from subsistence farming. Living condi- 
tions as indicated by the level of food consumption, quality 
of clothing and shelter are very low and in general quite 


characteristic of the population of the highland plateau.” 


Existing Agricultural System 

According to the Blue Nile Basin Survey, the land in 
the project area is heavily utilized during the wet season. 
It has been estimated that 87 percent of the land is pre- 
dominantly cultivated cropland while 13 percent is classi- 
fied as partially cultivated cropland.° 

The area as a whole is suitable for the cultivation 
of a wide variety of crops including those adapted to sub- 
tropical and temperate zones. The major cultivated crops 
of the area are teff, barley, sorghum, noog, chick peas, 


lentils and peppers. There are also some less important 


L The population figure is arrived at by adjusting 
the 1964 population estimate reported in United States 
Department of Interior, Bureau of Reclamation, Land and 
Watenskesourcessof the Blues Nile Basin, p. ¢d323-by the 
annual average national rate of population growth of 2.3 


percent for the period 1965 to 1975. 


4 Extensive coverage on living conditions, food 
habits, customs and traditions of the people of the area 
ToahuOvigcd py Eredcric lu, Samoons, NOrunwest LEinaopla: 


Peoples and Economy. 


3 United States Department of Interior, Bureau of 
Reclamation, Land and Water Resources of the Blue Nile 
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crops such as millet, corn, wheat, sunflowers, guaya, 
coffee, perennial cotton, and spices of various types.! 

Farming practices follow the traditional pattern. 
Crops are generally planted in June and July and harvested 
in November and December. The cultural practices include 
seed bed preparation, planting, weeding, harvesting and 
threshing. A team of oxen constitute the basic unit of 
power for ploughing. Planting is done by hand broadcasting 
the seeds, and the broadcast seeds are plowed under or 
trampled over by livestock in the case of teff. Weeding 
and harvesting are done by hand, and threshing is accom- 
plished by driving cattle over well spread out stocks of 
grain on a threshing ground. The grain is separated from 
the chaff by throwing the threshed grain into the air so 
that the lighter parts are blown away while the heavier 
grain falls to the ground. The clean grain is then put 
into sacks and hauted home on the backs of donkeys. Al- 
though grain production is the dominant farm enterprise, 
the existing agricultural system can be characterized as a 
mixed system, with livestock supplementing crop production 
in providing the subsistence requirements of the farm 


households. 


] ; : 
An excellent discussion on the cultivated crops of 

the region and the cultural practices followed in their 
CUltivVation 1S présented by Frederic J. Simoons » Northwest 


Ethiopia: Peoples and Economy. 
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Markets and Transportation 


Because the chief motive for production is to satisfy 
the subsistence requirements of the family, only a small 
percentage, probably a quantity not exceeding 15 percent 
of the annual output, is marketed. The marketable surplus 
is sold in local markets, usually immediately after harvest. 
The products are ordinarily transported to local markets by 
pack animals. All the marketed surplus is then assembled 
by local merchants and subsequently trucked to the larger 
market centers, some of which may eventually reach the 
terminal markets of Addis Ababa and Asmera. The area is 
actesstplerpoch™=by™Yoad and bY aTre’ "in View of* the’ strong 
demand for farm commodities in Ethiopia, market outlets 
for the products of the area do not seem to pose any parti- 


cular problem. 


MEG eEhEPTOJEC te eSerl pl 10m 

The proposed Megech River Project involves the use 
of the waters of the Megech River for irrigating 5,890 
hectares of? iand.”°An* inteqfal@ part of* the project? is 
also the provision of ciean and safe water supplies for 
domestic consumption and livestock use. Although live- 
stock enterprises do not form part of the proposed program, 
it is anticipated that the participants of the project 
will keep an average of five animal units per household 
in order to supplement their food supply and possibly 


obtain petty cash from the sale of the animals. The pro- 
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ject is intended to provide approximately 53.01 million 
cubic meters of water per irrigation season, which extends 
from mid-October to the end of May, 28.11 thousand cubic 
meters per year for domestic purposes, and 15.72 thousand 
cubic meters per year for livestock use, or a total of 
53.05 million cubic meters of water per year. 

The required quantity of water will be withdrawn from 
the Megech River using a set of electric pumps and will 
subsequently be distributed for the various purposes 
through a network of canals, laterals and specialized dis- 
tribution units. It is intended that power for pumping 
and other project uses will be obtained from the hydro 
plant at Bahr Dar. The major structural features of the 
project include the power transmission line, the pumping 
plant, canals, lJaterals and tertiaries, drainage canals, 
access roads, community water outlets, stock watering spots 
and a host of community service facilities such as a 
school, a Clinic; a communityecenter. sot frees, and living 
querters> . 

It should, however, be pointed out that although the 
provision of domestic and stock water supply has been men- 
tioned here as being part of the project primarily to 
underscore the need for such facilities, the irrigation 
aspect of the project by far dominates the entire project. 
For all practical purposes then, what is being considered 
here iS an irrigation project and subsequent analysis 


rightly recognizes this basic fact. 
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The project is expected to be phased in over a ten 
year period. Each year 10 percent of the land will be 
developed and full scale irrigation as well as full irri- 
gation yields are expected to be achieved at the end of 
the tenth year. The phasing-in of the project by stages 
is especially useful because of the need to educate the 
participating farmers about the techniques of irrigation 
farming, as well as to plow back profits gained in the 
initial years. This manner of development also offers the 
opportunity for making necessary changes in plans or in 
the operation of the system before large investment costs 
are incurred. In essence, then, this system of development 
by stages helps to minimize irreversibilities and maximize 
flexibility both in construction and operation of the 


project. 


Kesem River Project Area 


Location 

The Kesem River study area is located on the west 
bank of the Kesem River in the Middle Awash Valley. The 
Kesem River itself is one of the major left-bank tribut- 
aries of the Awash River. The project is planned to be 
centered slightly northwest of the point at which the Kesem 
joins the Awash. More specifically, the center of the 
projec is .41xed at w40° 10’ aastelongitude and .9° 620) north 


latitude. The general elevation of the area is about 800 
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meters above sea Tenet and the project encompasses about 


5,650 hectares of irrigable land. 


Soils, Topography and Climate 

The soils of the Kesem Project area are mostly allu- 
vial, with a clay to clay-loam consistency. Experience 
at the local plantation and Melka Werer experiment station 
indicate that the soils of the area have a relatively high 
level of fertility. Furthermore, they are low in salinity, 
well drained, and very amenable to irrigation agriculture. 
The area has a relatively flat topography and the natural 
vegetation consists mainly of widely scattered acacia trees, 
native grass, bush and scrub. Mean annual rainfall for the 
Middle Awash Valley is variously estimated at between 450 
and 500 millimeters. Most of the rainfall occurs between 
July and September.” The mean annual air temperature is 
approximately 28°C, but the maximum temperature may go as 


high as 40°C, while the minimum seldom goes below 20°C. * 


Carl F. Miller, et al., Systems Analysis Methods 


EOte eth Opian nomi cul tures oD 2). 
Z Mae: Quenemoen, Potential Returns from Commercial 
Farming—Systens—in—Three. Areas eechn moon. Fano | Riea.l.s 10 oa 
> Food and Agriculture Organization, Sur 


Awash River Basin, Volume III: Climatology and ri vale ara 
Diswe duly 


4 Card. F plidtier, et al. 


» systems Analysis Methods 
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Estimates of relative humidity range from 43 percent in 
June to 61 percent! in August; the mean annual level of 
humidity is around 50 percent. The average wind speed 
for the region is approximately 13.5 kilometers per hour. 
Strong winds seem to prevail during the months of May, 


June and vty 


Without irrigation, crop production in 
this area is highly risky not only because of the generally 
inadequate and unreliable nature of the rainfall, but also 
due to the very high rate of evapotranspiration that is 
characteristic of the area. The mean rate of evapotrans- 
piration for the area is approximately 12.3 millimeters 

per day.? The annual level of evapotranspiration, there- 


fore, by far exceeds the annual level of rainfall, thus 


creating a moisture deficit in the region. 


Population 

The Middle Awash Valley is traditionally occupied 
primarily by nomadic pastoralists. Consequently, the region 
as a whole is sparsely populated. The population density 
for the whole middle valley region is estimated at between 


9 and 5 persons per square kilometer. * While there is no 


4 Mesfin Wolde Mariam, "The Awash Valley: Trends and 
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sedentary population in the study area at the present 
time, the area is nevertheless part of the traditional 
grazing land of the Adal nomads and hence may be occupied 


during the grazing season by as many as 282 nomad families. 


EATSCING Agricultural oys tem 

As pointed out in the foregoing, the Kesem River 
Project drea 1s Not cUlCiVated atl present. "It'is primarily 
used for grazing purposes by the nomads during certain 
periods of the year. Legal ownership of the land rests 
with the government and the Awash Valley Authority! is the 
controlling public* agency. 

Although large sections of the land in the Awash 
Valley, including the area selected for the present project, 
are yet to be developed, the Middle Awash Valley in parti- 
cular has been the site of considerable agricultural acti- 
vity since the mid-1960's. As a result, a number of fairly 
large commercial farms have been established in the Valley 
and are now operating successfully. These include irri- 
gated cotton and sugar cane plantations which presently 
@eCUUNc 1Or-a signittcance DProporcton OF coe cucu vyda LeU 
land. The region is generally suitable for the cultivation 


of a wide range of crops under irrigation. The Middle Awash 


The Awash Valley Authority is an autonomous public 
agency established in 1961 for the purpose of administer- 
ing the development of the land and water resources of the 
Awash River Basin. 
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Valley as a whole is said to have immense potential for 
large scale irrigated production of such crops as ground- 
nubs Wachzen thamaecotebeans, bananas, citrus fruits, graps 
and papayas. | 

In sharp contrast with the traditional farming prac- 
tices of the highlands, farm operations in the Awash Valley 
are performed by mechanized units, except for such opera- 
tions as planting, weeding, harvesting, and picking cotton, 
for which manual labor is normally employed. The farm 
management practices usually applied in the area include 
seedbed preparation, planting, cultivation, crop mainten- 
ance (application of fertilizer, pesticides and water), 
harvesting, threshing (or ginning in the case of cotton). 
and crop residue removal. On most of the commercial farms 
inethesarea, irrfgation water is drawn. directly from, the 


Awash River using diesel pump sets. 


Transportation and Markets 

The project area can be approached both by rail and 
highway. Farm products from the area can therefore be 
trucked or shipped to market by rail. The Awash Valley 
is centrally and conveniently located to supply most of 
Ethiopia's major market centers including Addis Ababa, Dire 
Dawa, Nazreth and Assab. In view of the projected strong 


demand for farm commodities in Ethiopia, market outlet is 
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not foreseen as a constraint to increasing farm output. 


KesemyProject,Description 

The project proposed for the development of the 
Kesem River is, in many respects, similar to the Megech 
River Project. The Kesem Project basically involves the 
use of the waters of the Kesem River to irrigate approxi- 
mately 5,650 hectares of land and also to provide water 
for household and livestock consumption. Unlike the Megech 
Project, however, the Kesem scheme calls for a new settle- 
ment program. 

While a significant proportion of the settlers will 
be relatively experienced farmers who would like to make 
a new beginning and build a better life, at least 282 of 
the expected final settlers will be nomadic herders who 
presently use the area as part of their traditional grazing 
lands. It is noted that settlement schemes in generai have 
had only mixed success both in Ethiopia and other parts of 
the world, | The successful settlement of nomads is likely 
to be an even more difficult and complex proposition. It 
is fully recognized that deeply ingrained, centuries old 
traditions cannot be discarded easily despite the fact 
that the future survival of such traditions, in the face 
Of mounting population pressure on the available land, is 


very doubtful. Since change appears inevitable, particu- 


Yujiro Hayami and Vernon W. Ruttan, Agricultural 


Development: An International Perspective, p. 282. 
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larly for the nomads of the Awash Valley, the overriding 
concern at this point should be how to make the transition 
relatively smooth and less painful to them. To that 
effect, the Kesem Project can benefit from the experience 
gained at other schemes, both at home and abroad. 

As presently conceived, the project envisages a 
gradual and properly coordinated transition from nomadic 
pastoralism to sedentary farming. The strategy involves 
two fundamental stages. In the first stage, attention will 
be directed toward eliminating the need for nomadism by 
providing adequate water and livestock feed. This can be 
accomplished through proper development and management of 
water and range lands. Once the nomads have adjusted to 
a settled way of life, the second stage of the program will 
be *rnvt tated. ©’ The=Focus ‘fn ‘this stage "should ‘be on “edica- 
tion, motivation and incentives. While a detailed discussion 
of these factors is clearly outside the scope of the pre- 
sent work, it should be mentioned that the educational 
program should at least increase their consciousness about 
their materia! well-being and provide them with the 
requisite knowledge and skills that wili enable them to 
adjust to a new way of life. The motivational and incen- 
tive programs necessary to develop and maintain interest 
in crop production naturally should be a continuing feature 
of project operation. 

The physical plan of the Kesem scheme calls for the 


withdrawal of approximately 84.8 million cubic meters of 


aon: weiai 
note ranent 283 stam oF) 
O98 qi oT. hia Oa fwrorly et ie —" 
ainstvaqke sit ne + ara veo dustovs weeeN ors 
+ heuer de bas ama eye tod «amie: ens sont 

‘6’ gavestWne Daapaig Sie) “payadondae Wt tnawlevg’ en ered 
spoken mot? honst 2maq9* ‘Hefenteroos Uvaqore bas wie 
savieunt yoolovt2 sir spn rnivet wreynabee” bt wert srodeng ; 
agtinatte .sbelz sacra ‘ani nb iéegeds Fey neasb aut? ee 


yr 


qd nietitinan to? bean. oN ontoantarts base? baidorth ed 


sritt ‘i hset daeteavil bap: +ahww ot sipeb's: ones reg | 
Saohidotaveh 12abite en 


4d sB0 

' Too hasmegd sen ls 
ef Ret bade over ehamon sd: e080 abot apo bes wore if 

| few wetintot ods 19 Sist2 bnoope aA} yatet Yo Veweettiee 6 . 
2455 om aovbinede eepte ehit et eusot- sat: borerevtev 
- Sewhhnesht baa’ wotthay Rion HOM, 
i tio aqnve ad} abietud- yi veld. ef erovaak’ sett VD. 
Ceter subs ete CRT Datot sew wt btyote tt Lavow ts - oa 

* ¢yblde sesmeubtadnos- athena seestoat f2eet ee 
“2 ga ittw pat sbiverg bie patad> (foy'tersarom whom 

-- @) mead ohdand [ftw dekh etpige bie apbelwonk wre 
oneand vow (edeetevtaiem att’ @7rt ro ew ‘waa sod 32t 

. yeanotnd mratntat Wire” ye howsd: so yaseendar sett 9 
abl ern pauls uP tewden a 


t ait OBS Te : i“ var 
Het . 


nobeapbath bofrsies % aq Fair | 


" 
i; * 


Bee = 
a oat: iad sasdve Eeeted ‘wintne 


eee ae 4 7 a 
ap - a ii. ent Aayhae 3 
ame rN ie me: cal 


Ue 


water annually from the Kesem River. Literally 99 percent 
of this water will be used for irrigation. It is antici- 
pated that diesel pump sets will be used to lift the water 
directly from the river. The basic construction features 
of the project include access and farm roads, pumping 
plants, water storage reservoirs, distribution systems, 
housing for settlers and employees, and a wide range of 
service facilities. The breakdown of cost estimates of 
these features is presented in Chapter VII. 

The project is planned to be phased in over a ten 
year period, with approximately 10 percent of the land 
being developed each year. Such a plan of action is adopted 
in order to minimize irreversibilities and allow flexibility 
in both construction and project operation. Furthermore, 
this plan affords sufficient time to educate the settlers 
Hiethespraclice Or Thi GaLaon agricurture,. Ct will@also 
allow management to gain from initial experiences ana 
adjust plans accordingly. Therefore, it may reduce 
the need for outside capital by permitting the reinvestment 
of net earnings made during the initial years of operation. 

Finally, the financial investment required for imple- 
menting both of these projects is expected to come from 
tne mpupiic sector. Consequently, 1%. 7s essential t6 
empirically demonstrate that the public interest will be 
properly served by embarking on the proposed investment 
program. A valid empirical analysis of public investment 


must necessarily be based on an appropriate theoretical and 
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analytical framework. The following chapter describes 


the analytical approach employed in the present study. 
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CHAPTER V 


ANALYTICAL FRAMEWORK 


The estimation and prediction of various economic 
impacts of water resource investment is a complex process. 
The literature on the subject is extensive, and over the 
years a number of quantitative techniques have been 
demonstrated to be applicable for assessing the impact 
of water projects. A range of techniques including econo- 
metrics, input-output analysis, optimization techniques, 
benefit-cost analysis and simulation studies have been 
utilized in analyzing water projects. Each of these tech- 
niques has varying data requirements, and experience seems 
to suggest that no single technique offers a panacea. it 
is often desirable to use a combination of two or more 
analytical tools to obtain a more complete and reliabie 
result. 

The choice of analytical techniques depends, among 
other things, on the range and quality of data available 
and the nature of the problem being considered. For 
instance, use of the input-output technigue would require 
the availability of an I/0 table and an extensive amount 
of data regarding sectoral commodity flows and detailed 
inter-industry relationships. In contrast, the data 


requirement of the benefit-cost analysis technique is some- 
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what modest but its application will not lead to correct 
results if the project is so large as to have a consider- 
able impact on output, prices and general economic activity. 
Programming and simulation techniques also have detailed 
data requirements and are generally more suited for opti- 
mizing resource allocation at the "operating level" of 
decision making (i.e., households, firms, and industries) 
rather than at the regional, institutional or policy 
decision making levels. Further, all these techniques do 
not necessarily address the same kinds of problems. Bene- 
fit-cost analysis nas been successfully applied in the 
economic evaluation of public investment in water projects, 
particularly in those cases where the projects have no 
discernible effect on general equilibrium. Considering 

the available data and the limited size of the projects 
proposed in this study, benefit-cost analysis does seem to 
be an appropriate technique for evaluating the overall] 
economic impact of these projects. 

However, while benefit-cost analysis is useful in 
evaluating the overall economic feasibility of an irriga- 
tion project, it does not help determine the optimal crop 
mix or the optimal land allocation plan for the project 
area. What benefit-cost analysis does is simply evaluate 
the overall economic impact of a given level of project 
operation, whether that level of operation is optimal or 
not. Yet, the type of crop mix assumed can significantly 


influence the level of projected berefits and costs. In 
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order to circumvent this weakness, it is necessary to 

employ other complementary techniques that can help deter- 
mine the optimal crop mix for the proposed project subject 
to the available resources and other constraints. Accord- 
ingly, a complementary technique of recursive programming 
was employed to determine the annual optimal crop mix in 

the present study. The analytical models of this study 

are, therefore, based on the combined techniques of recur- 
Sive programming and benefit-cost analysis. In this chapter 
an attempt will be made to present a concise review of 


these techniques. 


A Review of Recursive Programming 


The project areas considered in this study are suit- 
able for the production of a wide variety of crops. The 
yields of these crops are expected to increase gradually 
as a result of the irrigation project. Given the objective 
of production and the resource restraints for each area, 
economic logic demands that, during each production period, 
only those crops that can maximize the objective function 
be produced. An optimization technique is required to 
determine the optimum annual crop mix over the planning 
horizon. Accordingly, recursive programming was selected 
to accomplish the task of determining the optimal annual 
crop mix and optimal land utilization plan for the areas 


studied. 
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Recursive programming | is essentially a sequence of 
linear programming models in which the objective function, 
the technical coefficients, or the resources constraints 
of a particular model depend upon the solution variables 
of the preceeding model in the sequence. Unlike linear 
programming which attempts to optimize a singie period 
objective function, recursive programming explicitly 
includes time in its optimization process and as such 
exhibits a dynamic character. The recursive system is 
initiated by establishing the activities and constraints 
for the first year in the manner of an ordinary linear 
programming model. The values of the variables in the 
optimal solution are then used in a subsequent matrix and 
the procedure continues until the entire planning horizon 
is covered. Since a different linear programming matrix 
is developed for each time period, annual changes in anti- 
cipated yields and resource levels can be easily and adequ- 
ately incorporated into the model. 

The agricultural application of recursive programn- 


ing has largely been in the area of production response 


l For a more comprehensive discussion on recursive 
programming, see: R.H. Day, Recursive Programming and 
Production Response (Amsterdam: North Holland Publishing 
Company, 1963); R.H. Day, “Recursive Programming and Supply 


Ped tCuVons, IN AGrPGCUNLUndImOUDD | VerUNGtvons.sio cima Ging 
Techniques and Inter Sian ea Ge by Earl O. Heady, 


et al. (Ames, Iowa: Iowa State University Press, 1958); 


and R.K. Sahi, "Recursive Programming Analysis of Prairie 
Land Utilization Pattern" (Unpublished Ph.D. Dissertation, 
University of Manitoba, Winnipeg, 1972). 
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| In the present study it is employed as a dynamic 


studies. 
optimization technique in order to determine the optimum 
production pattern of project commodities over a specified 
planning horizon. The basic elements of the recursive 


programming models used in this study are as follows: 


n 
Ma Xoo eae De (ee ep en ey ea ie ey ar (5.1) 


subject to the conditions: 
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See R.H. Day, “Recursive Programming and Supply 
Prediction"; J.M. Henderson, “The Utilization of Agricul- 
tural Land: Theoretical and Empirical Inquiry," Review of 
Economics and Statistics, 42 (1959), pp. 242-259. 
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where: Z = the objective function (net farm income) 


to be maximized in year t, 


ioe = the expected net return per unit of 


commodity j produced in year t, 


ha = the level of the es commodity produced 
inwvear t, 


th 


X. = the level of the j commodity produced 


in year t-l, 


of = the level of resource i used in year 
t=15 1-15 se sills 
Be = the flexibility coefficient of resource 


RW: SEE Res 


Ait = the flexibility coefficient of commodity 


PUN eV eat l= ce ets ite 


m = the number of resource restraints, 
n = the number of commodities, 
ae = the number of units of resource i required 


to produce one unit of commodity j in 
period t. These are the technical co- 


efficients for each commodity, 
a = the planning horizon. 
The difficult part in developing recursive programm- 


ing models is the estimation of the commodity and resource 


flexibility coefficients. Various approaches exist for 
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estimating these coefficients. and each approach has its 
merits and drawbacks, depending on the problem under con- 
Sideration and the availability of data. In this study, 
the resource flexibility coefficients (8,'s) are determined 
by computing the annual rates at which each resource is 
projected to expand in order to achieve full development 
of the project areas in ten years. The commodity flexibi- 
lity coefficients (A;'s), which apply to the staple commo- 
dities, are designed to reflect the annual growth rates in 
the consumption requirement of the farm families in the 
project areas as well as expected changes in the farmers' 
behaviour in the face of new opportunities. They are 
therefore extrapolated from the expected rate of population 
Growth in the project areas and the estimated annual growth 
rates in the expected levels of commodity yields. 

The solution to the model involves finding a set of 
Xi 8 that can maximize the objective function (5.1) with- 
out violating the restrictions indicated by (5.2). The 
solution procedure for recursive programming is similar to 
that of ordinary linear programming. The simplex algorithm 
familiar in linear programming can be successfully employed 


in the solution of recursive programming problems. The 


l SGe Kak. cdl andeWau. CraddGOCk, = ES timation Of 
Flexibility Coefficients for Recursive Programming Models -- 
Alternative Approaches" (Paper presented at the Joint 
Annual Meetings of the American Agricultural Economics 
Association and the Canadian Agricultural Economics 
Society, Edmonton, August 8-11, 1973). 
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Simplex procedure requires the inclusion of slack vari- 
ables in the model to change the inequalities in (5.2) 

to equalities. The resulting system of linear equations 

is then solved using an iterative procedure that starts 
with a set of basic feasible solutions and proceeds to the 
optimal solution set. Once the model is set up, a computer 
program can be developed to solve the entire sequence of 
recursive programs in one run. The final solution then 
provides the optimal annual crop mix and land utilization 
plan extending over the entire planning horizon. 

Recursive programming models share most of the limita- 
tions of ordinary linear programming models. First, they 
are based on the assumption of a linear production function. 
However, there is no reason why non-linear recursive models 
may not be specified if they are more likely to properly 
represent the underlying production function. Second, the 
production processes are assumed to be infinitely divisible, 
whereas in reality this may not aiways be practicable. 
Third, it is assumed that the inequations in the model 
are linearly independent or that the technology matrix (A) 
has a non-zero determinant. Unlike the ordinary linear pro- 
gramming models, however, the recursive model can be expected 
to provide positive solutions because the decision-makers 


expected behavior can be more readily incorporated into 
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the model through the medium of flexibility constraints. | 


A Review of Benefit-Cost Analysis 


As a tool for evaluating public investment projects, 
benefit-cost analysis has a fairly long history. Its 
origin has been traced back to the noted nineteenth cen- 
tury French economist, Dupuit,< who incorporated the idea 


in his classical paper "On the Measurement of the Utility 


ud 


of ;,PublieWorks, published in 1844. In the present cen- 


tury benefit-cost analysis has gained popularity as a 


practical administrative tooi used in evaluating federal 


water resource projects in the United States.” 


Theoretical economists initially were indifferent 


| W.d. Craddock, "Linear Programming Models for 
Determining Irrigation Demand for Water,' Canadian 
Journal of Agricultural Economics, Vol. 19 (November, 
1971), pp. 84-92. 


¢ A.R. Prest and R. Turvey, "Cost-Benefit Analysis: 
A Survey," Economic Journal (December, 1965), pp. 683-731, 


LepeLicoominesurveys sor vEé€enomnestheoryePrepared=sor: the 
American Economic Association and the Royal Economic 


SOCTOLVD VOle OM CEOnNCOn ehacin Lane mM IOOUs ppewlos=207. 


Y Jules Depuit, "On the Measurement of the Utility 
Of PUbJic Works. -atransilatedabyeR.H.yBanbacksineinter- 
national Economic Papers, 2 (1952) pp. moc-ll0,ereprinted 
In) K.H. Arrow. and [..Scitovsky, eds., Readings in Welfare 
EGOHoM1 com  Homewoodse lidanoistakachardsDiwlYwingeince, 


1969) 5 “ppey255-283. 


4 For a history and development of benefit-cost 
Otay Sioa Nee NeuU. cn, SCC Ks HOMMONG eben int Uavos tL 
Analysis and Water Pollution Control (Stanford, California: 
Unmiversity Prass, 91958). 
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to or rejected benefit-cost analysis because they con- 

sidered it to lack a sound theoretical base. Interest 

in the subject, however, has steadily grown and professional 

literature on the subject is proliferating. Numerous books 

and journal articles have been published since Otto 

‘ Eckstein's path breaking work in this field first appeared 

in 1958, ! 
Interest in the subject of benefit-cost analysis has 

continuously increased in Canada and the United States as 

well as in other countries, notably the United Kingdom, 


France and Germany. The relevance of the technique to 


public investment planning in less developed countries has 


| Otto"Eckstetn, Water Resource"Devetopment: The 
Economics of Project Evaluation (Cambridge, Massachusetts: 
Harvard University Press, 1958). 

Among the important literature on benefit-cost 
analysis are: S.C. Ciriacy-Wantrup, "Benefit-Cost Analysis 
and Public Resource Development," in S.C. Smith and 
ETN? Castte’(eds.), Economics and Public Policy in Water 
Resource Development — Ames, lowa: lowa State University 


rn i ee 


Press, 1964), pp. 9-21; Ajit K. Dasgupta and D.W. Pearce, 


Cost-Benefit Analysis: Theory and Practice (London: 
Macmillan, 1972); R. Dorfman (ed.), Measuring Benefits of 
Government envesimenss CR AE Ua Cae Biro kan.d's 


PS EP Ors Oe al: Foster, "Social Welfare Func- 
tions jn Cost-Benefit eye: in J. Lawrence: (ed. ). 


Operational Research and the Soe ta sciences (London: 
Tavistock Publications, 1966); Maass (ed.), Design of 


Water Resource Systems (New Hien Macmilian, 1962); 
systems 


R. McKean, Efficiency in Government Through & 


sis (New York: John Wiley, 1958); E.d. Mishan, CoG te 
Benefit Analysis (London: George Alien and Unwin itd. 
TO7T)eeandrA. Ra .Prest and R,. Turvey, "Cost-Benefit Analy- 
hc HN ih 4 
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been recently demonstrated by a number of authors. | Inter- 
national organizations such as the United Nations, the 
Organization for Economic Cooperation and Development and 
the International Bank for Reconstruction and Development 
have published project evaluation manuals based on the 

' benefit-cost analysis approach for use in developing coun- 
tries. 

While critiques of benefit-cost analysis have not 
been lacking,< it is becoming more apparent that the handi- 
caps and dephletarciids inherent in this technique are also 
shared to some extent by other quantitative techniques in 
economics. Benefit-cost analysis, like all other tools 
of applied economics, no doubt needs a great deal of 
improvement and refinement. But it must be emphasized 
that if applied with caution and prudence, benefit-cost 
analysis can be an extremely useful tool of social invest- 
ment analysis. 

The fundamental aim of benefit-cost analysis is to 


identify the pertinent and significant social costs and 


! SEG, TOM lINnStanCe,. J. aerice Glecinger, LCOnonmac 
Analysis for Agricultural Projects (Baltimore: The Johns 
HODKMISHUNTVOrsiLy sp hes cee Oy) oh Marcie rub Tic 
Investment Criteria (London: George Allen and Unwin, 1966); 
and I.M.D. Little and J. Mirrlees, Manual of Industrial 
Project Analysis in Developi GOUMiY yess ViOlee* 2c8°9.0G.ial 
Cost-Benefit Analysis : 


: For a survey of critiques of benefit-cost analysis 


Sec. isle euanes and KODelie nee kee, ECONOMICS sOluna vel 
Resource Planning (New York: McGraw-Hill Book Company, 
POTTY Mi ppyrel ol 192: 
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social benefits associated with public projects, assess 
their true value to society and rank them according to 
some order of social preference. Benefit-cost analysis, 
therefore, is a quantitative technique useful for making 
economic choices at the social level. 

A discussion of the many reasons why public invest- 
ment appraisal ought to be different from private invest- 
nenteseanalySiseis-beyondathesscope.of,thisestudy.. Buteit 
seems essential to mention at least three fundamental con- 
cepts that distinguish social investment analysis from 
private investment analysis within the context of a mixed 
economy. 

First, in principle, social investments are made in 
public goods and services such as national defence, educa- 
Plone neal thea publ i¢anparkspand.f loodsacontrod.4 «lhese,goods 
and services are in general characterized by indivisibility 
in construction and inappropriability in use. Further- 
more, once the investment is made, the marginal cost of 
making an additional unit available to consumers, up to 
the point of "congestion", is zero. Hence, ordinary market 
mechanisms do not exist or are inadequate to establish 
socially acceptable prices for such public goods and 
services. 

Second, social investments are also made in goods 
and services whose market prices, where they do exist, do 
not reflect the appropriate social value of the goods to 


SOCTetyedUerto marketiimperfections. Unique resources .and 
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public utilities belong to this category of goods. 

Third, social and private costs diverge widely in 
enterprises and sectors where there are significant and 
widespread external economies and diseconomies. For 
instance, agricultural research and water development 
| belong to this category of enterprise. The externalities 
generated in these sectors cannot be sufficiently inter- 
nalized by the producing units through the market system. 
In the presence of externalities, therefore, market prices 
fail to reflect the true social values of goods and ser- 
vices. 

lo Crecap itu late) athespubli c ‘good “characteris tics sof 
certain categories of goods and services, the existence 
of market imperfections and the presence of externalities, 
among other things, make tne use of an analytical approach 
which is broader than the strict application of capital 
theory imperative for public investment evaluation. Al- 
though benefit-cost analysis attempts to provide a broader 
and wider framework for public investment appraisal, it 
will be shown below that the situations mentioned above 
create serious problems in benefit-cost analysis as well. 

In public project evaluation, benefit-cost analysis 


may be used for three broad purposes: | 


l S.V. Ciriacy-Wantrup, "Benefit-Cost Analysis and 
Public Resource Development," in Stephen C. Smith and 
Emery N. Castle (eds.), Economics and Public Policy in 


ee 


Water Resource Development, p. 14. 
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1. To appraise the economic feasibility of a set 

of public projects and determine their relative 
rankings. 

2. To determine the financial feasibility, cost 

allocation, and cost repayment of public projects. 

3. To determine the pricing procedure for those 

products of the public project that may be sold 
to users or consumers. 

The present study deals with the evaluation of 
economic and financial feasibility of alternative public 
projects designed to serve a specific purpose. Consequently, 
the following discussion on the elements of benefit-cost 
analysis follows this vein. 

Within the framework of benefit-cost analysis, it is 
essential to make distinctions between economic feasibility 
analysis and financial feasibility analysis. Economic 
feasibility analysis seeks to determine the social profit- 
ability of a project by taking into account all the rele- 
vant market and extra-market benefits and costs of a parti- 
cular project. Its basic aim is to establish the economic 
efficiency of the project or projects under consideration 
and thereby help select the "best project" or rank the 
projects involved on the basis of some criteria of social 
preference. 

Aithough economic feasibility analysis does indicate 
whether or not a particular project is socialiy desirable, 


it does not necessarily follow that an economically feasible 
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project will also be financially feasible. More specific- 
ally, an economically feasible project may fail to be 
financially feasible because sufficient revenue may not 

be collected ne cover the annual operating and amortized 
costs of the project. Economic logic and practical experi- 
ence also tend to indicate that various methods of project 
financing and cost repayment arrangements can have differ- 
ent impacts on both the financial feasibility of the pro- 
ject and the distribution of income among the various groups 
likely to be affected by the proposed project. The purpose 
of financial analysis, therefore, is to examine the implica- 
tions of the various methods of project financing, cost 
repayment and output pricing. Each of these areas of 
benefit-cost analysis will be investigated in some detail] 


below. 


Economic Analysis 

The appraisal and ranking of public projects accord- 
ing to a specific order of social preference represent 
the main concerns of economic analysis. The essence of 
economic analysis, then, is the assessment of the social 
benefits and costs of proposed projects in order to deter- 
mine both their internal efficiency and their relative 
economic merit vis-a-vis the rest of the economy. Economic 
analysis is composed of the following basic elements: 
(a) determination of project selection and ranking criteria; 


(b)cestimationvof the future stream of benefits; (c) estima- 
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tiontof costse Cd choteetotethe socialtdiseointhnates 
(e) specification of the planning horizon; (f) evaluation 
of risk and uncertainty; (g) sensitivity analysis; and 
(h) comparison of project area economic performance "with" 


and "without" the proposed project. 


Ame PubliceProject selectioneand=RankingsCri tenia 


The primary purpose of public project evaluation, 
of course, is to determine whether the social benefits 
accruing from the project will outweigh the social costs 
Ofethewproject. =An i1mporcant aspect of public ™ project 
evaluation is to compare and rank alternative projects 
that can help maximize a social objective subject to the 
relevant constraintsy “To*successfully=aecompli sh either 
OY Doth Of =these tasks, 1t 1S necessary to adopt logical 
and consistent decision rules. At least three types of 
investment criteria appear to have relevance to public 
investment evaluation. They include (1) the net present 
discounted value; (2) the internal rate of return; and 


Ca) @thembenerait-cost ratio. 


1. The Net Present Discounted Value Criterion 

The net present discounted value criterion, as the 
name implies, involves the discounting of all future 
streams of benefits and costs over the economic life of 
the project to the present using an appropriate discount 


rate and then deriving the net present value by subtract- 
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ing the sum of the present value of costs from the sum of 
the present value of benefits. Alternatively, the same 
result can be obtained by subtracting annual costs from 

the corresponding annual benefits and then summing the 
discounted net value over the economic life of the project. 


A more concise algebraic definition would appear as: 


T Bee (C.+K,) 
BA ty) Zag): : for discrete time periods, 
t=0 les 7) 
T =i 
PV(r) = f (B, - (C, + K,))e d. for continuous 
0 time periods. 
where PV(r) = the net present value discounted at the 
rate (r);, 
B. = gross benefits at period t, 
C. =aVrassSOciated= cOSTS=at- time mts 
Ky =EEDPOVeCCeCOstSE db eLIMe tL, 
r = the social discount rate assumed to be 
constant over the planning horizon, 
T = the planning horizon. 


The decision rule, then, is to rank projects according to 
the magnitude of the positive net present value, with pro- 
jects showing PV(r) < 0 being rejected. 


Although very useful in determining the social desir- 
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ability of a particular project, the net present value 
criterion has been found wanting as a decision rule for 
ranking alternative projects. Empirical investigation has 
shown that the net present value criterion will, under 
certain conditions, lead to inconsistent ranking of pro- 
jects. Mishan, | for instance, has shown that for two non- 
dominant projects, the net present discounted value gives 
inconsistent ranking over different ranges of the discount 
rate if their capital requirements, their economic life 
spans and the profile of the time-streams of their benefits 
and costs are significantly different from each other. 
Such inconsistencies have also been noted by P.C. Van den 
Noort.¢ 
In a major theoretical work on public investment, 
Marglin® has shown the inappropriateness of using the net 
present value criterion as a decision rule. He has illust- 
rated how the failure of the "static" present value 
criterion to incorporate calendar time and project age in 
the analysis leads to inaccurate ranking and an improper 


timing of projects. This criterion also tends to favor 


| Bou. Mishan, Cost-Benefit Analysis, p. 193. 


2 B.C. Van dén Noort, “Investment#6nmiteniavtor 
Government Projects," Landbowukundig Tijdschrift, Vol. 75, 
No. 9 (September, 1966), pp. 306-371. 


z Stephen A. Marglin, Approaches to Dynamic Invest- 
ment Planning (Amsterdam: North-Holland Publishing Company, 
1963). 
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large projects over small. | 


The fact that the present value criterion involves 
the prior determination of a discount rate and that the 
criterion itself fails to always lead to a consistent and 
appropriate ranking caused interest to shift to the inter- 
nal rate of return as a decision criterion. Since each 
project has its own internal rate of return that can be 
determined through objective calculation, it seemed to 
provide an attractive alternative to the present value 
criterion. But the internal rate of return is not entirely 


freeaof icriticism either: 


2. The Internal Rate of Return Criterion 

The internal rate of return is defined as that rate 
of return which makes the present value of benefits exactly 
equal toithespresent»value ofscostsy bIncatconcise imathe- 


matical form: 


; = 0 for. .discontinuous time 
) perior, or 


Pats = (C, + Beis d. = 0 for continuous 
time period. 


| Otto Eckstein, Water Resource Development: The 
Economics of Project Evaluation, p. 53. 
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where 2 = the initial rate of return and the other vari- 
ables are as defined on page 129. According to the inter- 
nal rate of return criterion, projects that show A values 
greater than the exogenously determined opportunity rate 
of return to social capital, are accepted and these are 
ranked in a descending order of their A values. 

The internal rate of return criterion, like the pre- 
sent value criterion, has been subject to several criti- 
cisms. It has been demonstrated that more than a single 
internal rate of return may correspond to a given benefit 
stream that lasts over two periods. | Hirschleifer¢ has 
further shown that, except under very peculiar circum- 
stances, the internal rate of return criterion will lead 
to non-optimal results as long as the capital market is 
not perfectly competitive. 

While many more criticisms may be cited. it seems 
clear that both the present value and the internal rate 
of return have shortcomings as decision criteria for public 
investment and they also give inconsistent rankings. 
Attempts have been made to normalize these criteria so 
that they will at least give consistent rankings. The most 


interesting of these attempts is a normalization procedure 


Vela. Mishan, Cost-Benefit Analysis, p. 23. 


é J. Hirschleifer, "On the Theory of Optimal Invest- 


ment Decision," Journal of Political Economy (August, 1958), 
DD. 3c9-3525 
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suggested by Mishan. | The procedure has four basic ele- 
ments: 

1. All benefits and outlays of any investment stream 
are to be compounded forward to yield a terminal 
value TV at some future date. 

2. A common capital outlay should be established 
for all the investment projects being considered. 

3. Maximum reinvestment potential for the benefits 
of each investment stream should be calculated 
and utilized. 

4, The same planning horizon should be used for all 
projects. 

According to Mishan, if these rules are applied, 
both the internal rate of return calculated for each of 
the terminal values and the net present discounted value 
criterion will provide consistent ranking of projects. 
While this procedure appears to be complex and cumbersome 
in practice, it seems to imply that both net present value 
and the internal rate of return are most likely to give 
consistent ranking if the alterative projects being con- 
sidered do not significantly differ from each other in 
terms of their capital requirement, reinvestment oppor- 
tunity and economic life span. From this standpoint, it 


provides a very practical guide for public project evalua- 


| Ee UseMisians aaheNGrinatizationerrocedune torneeup lic 
Investment Criteria," Economic Journal (December, 1967), 
pp. /77~796. 
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tron. 


SttsThenBenefit=Cost Ratio Criterion 

The benefit-cost ratio criterion ranks projects 
according to the ratio of benefits to costs. The benefit- 
cost ratios may be calculated on either gross or net basis, 
but it is essential to be consistent in using one or the 
other formula when ranking projects. The ratio of gross 
benefits to total costs is calculated by dividing total 
direct benefits by total (i.e., associated plus project) 


costs, as illustrated below. 


7 B, 
L ; 
gemess Oe 1¥+ r 
TUK, + C4) 
t=0 (1 + r)* 
where G = the gross benefit-cost ratio, 
By = the gross direct benefit at period t, 
CeOg ees | 
Ky = project cost, ineluding capital operation, 
maintenance and replacement cost at period 
UigacUa Uieeseratsnl ts 
C. =KeaSsOClateodscostrateDPeriuOdeby CaUn ..5)li 
r = the social discount rate, 


iT = planning horizon. 
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The net benefit-cost ratio, on the other hand, is 
calculated by dividing the net benefits (i.e., gross bene- 


fits minus associated costs) by project costs, as shown 


below. 
Ti (B, _ C,) 
) ; 
a t=0 (1 + r) 
iG K 
y Bn nhs 
t=0 (1 + r)* 
where N = the net benefit-cost ratio and the other 


variables are as defined above. 


According to the benefit-cost ratio criterion, a pro- 
ject is considered economically feasible if its benefit- 
cost ratio is greater than unity. Alternative projects 
are then ranked in a descending order of the values of the 
ratios obtained. While this criterion has proven to be a 
useful criterion for determining the economic feasibility 
of a project, it has been found to lead to inccrrect rank- 
ing of mutually exclusive projects in cases where the capi- 
tal requirements for each project are significantly differ- 


] 


ent. It has also been found wanting in choosing the 


optimum scale of investment of a particular project,* as 


| J. Hirshleifer, James C. De Haven and J.W. Milliman, 
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the scale at which the benefit-cost ratio is the highest 
does not necessarily represent the net benefit maximizing 
scale of investment. Nevertheless, the benefit-cost ratio 
criterion can be safely and usefully applied in the evalua- 
tion and ranking of projects where the economic nature of 
the benefits and costs are reasonably uniform and have 
roughly equal degrees of uncertainty; where the capital 
intensities of the projects do not show extreme variations; 
and where the economic life span of the alternative pro- 


jects 4s equal.! 


BESSEstimation ore Benet its! 

The proper identification and estimation of benefits 
and costs form the crux of benefit-cost analysis. Ordin- 
arily, several factors complicate the process of estimat- 
ing the social benefits and costs of a public project. On 
the benefit side, a public project usually yields both 
physical products and non-physical products (or services). 
The benefits of a particular project therefore depend on 
the quantity of the output produced and the price at which 
each unit of the output can be sold. While some socially 
acceptable prices for outputs are easily obtained, it is 
often exceptionally difficult to arrive at widely accept- 


able monetary values for both tangible and intangible out- 


Otto Eckstein, Water Resource Development: The 
Economics of; Project, Evaluation.) pin 55. 
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puts. Society, nevertheless, derives satisfaction from 
both types of output; hence it is essential that both 
should be properly recognized in project evaluation. 
Conventionally, three major categories of benefits are 
recognized in benefit-cost analysis. They include 

(a) direct benefits;)(b) indirect benefits; and (c) extra- 


market benefits. 


1. Direct Benefits 

Direct benefits are the socially appropriate market 
values of goods and services produced directly by a pro- 
ject. For the projects evnisaged in this study, the annual 
direct benefits include the value of the crops and services 
produced by the project during a given year. The stream 
of future direct benefits of the project being considered 
therefore depend on the expected level of yields and the 
expected level of prices. 

While adequate indications of yield levels may be 
obtained from past farm records and yield trial results, 
determination of appropriate commodity prices is a very 
difficult and complex process. Readily available market 
prices in general do not reflect the true "social valua- 
tion" of the outputs produced and the inputs used in the 
production process. Only under very rigid assumptions will 
Ordinary market prices serve as correct indicators of true 
social values. These assumptions include (1) pure competi- 


tion; (2) full employment; (3) absence of externalities; 
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(4) small-scale project reiative to the economy; (5) absence 
of indirect taxes, controls, and subsidies; and (6) a 
constant or increasing cost firm. If any of these assump- 
tions are violated, the market price will fail to reflect 
the correct social vaiuation of goods and services. | 

If, however, there is sufficient reason to believe 
that the above conditions do hold in the economy being 
considered, the social benefits and costs can be measured 
by directly using market prices. But even here certain 
problems are bound to arise. In general, market prices 
in different locations behave differently, although in the 
economy as a whole they are determined competitively. 
Smailer local markets tend to be less competitive than 
major terminal markets. Therefore, the price prevailing 
at the nearest local market may not always be a good repre- 
sentative price for the market as a whole. The common 
sense solution to this problem is to survey all potential 
sources of supply and base the evaluation on the market 
price that seems to be reasonably competitive. 

Seasonal price fluctuations can also present a pro- 
blem, particularly when evaluating agricultural projects. 
The question of which season's prices to use in the face 
of considerable seasonal price fluctuation poses a parti- 


culavlyrdifficult problensineEthiopia le Commodity price 


q Ibid., pp. 690-695. Also see, A.K. Dasgupta and 
D.W. Pearce, Cost-Benefit Analysis: Theory and Practice, 
pp. 105-109. 
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studies in Ethiopia indicate that farm prices undergo 
rather pronounced seasonal fluctuations. | Immediate post- 
harvest prices are very low while pre-harvest prices are 
extremely high. The choice of a representative price 
level, therefore, presents a problem. The most direct 
approach, of course, is to use the annual average price. 
But in the presence of extreme values, the average is not 
a "good" measure of central tendency. The median value 
could perhaps be a better representative value. Some 
writers? suggest that the most conservative value of 
immediate post-harvest farm gate prices should be used. 

The final area of concern when using market prices 
titprojecttevaluadtiioneis tinflation. Stinithiseconnectiereit 
is essential to make a distinction between future increases 
in the general price level and changes in relative price 
leveis. As long as relative price levels remain unaffected, 
Chal 1S, 8rf the prices lofiea i becomnodi trveasein¢rease in tthe 
saine Wnopo rein: inflation does not affect the outcome of 
project evaluation. Hence, base year prices can be used 
to measure benefits and costs. If, however, one has reason 
to expect that inflation will have a differing impact on 
output or input, then each of the items can be inflated by 


the corresponding expected rate of inflation. Generally 


Alan R. Theody, Marketing of Grains and Pulses in 
Ethiopia, Pardesi. 


é J. Price Gittinger, Economic Analysis of Agricul- 
tUV a EYOJeGts .. p.. 34. 
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speaking, there seems to be very little reason to expect 
inflation to have long term differential impact on prices. 
Short term lags in some prices may be evident but these 
will tend to adjust over a period of time. Therefore, it 
can be safely assumed that changes in the prices of inputs 
and outputs arising from general inflation will have off- 
setting effects on costs and benefits. Consequently, using 
base year prices can provide valid benefit-cost compari- 
sons. It must also be pointed out that using base year 
prices to value future goods and services is equivalent to 
deflating future prices to base year levels, which will 
provide a comparison of real benefits and real costs rather 
than changes in the monetary value of the goods and ser- 
vices involved. 

As stated earlier, use of the market price for valua- 
tion of the social benefits and costs of a project is valid 
only if all the conditions specified above are satisfied. 
If any of the conditions fail to hold, the market price 
will fail to provide a "true" measure of social values for 
the goods involved and hence should be adjusted accordingly. 
The question of how market prices should be adjusted to 
reflect social valuation of goods along with the problem 
of how to derive values for goods and services that do not 
normally have any market or monetary value form the great 
issues of benefit-cost analysis. Although not yet widely 
accepted, various approaches have been developed to circum- 


vent these problems. 
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When market mechanisms fail to provide the correct 
social valuation, “accounting" or “shadow prices" are 
usually employed to determine the social valuation of 
goods and services. The logic underlying the concept of 
accounting prices is based on the reasoning that if market 
prices do not adequately reflect the true intensities of 
society's preferences for specified goods and services, 
there should be alternative methods of estimating these 
intensities. 

The particular method used for determining a given 
“shadow price" depends on the prevailing market conditicn 
or, alternatively, on the cause and nature of the market 
imperfection. Ordinarily, “shadow prices" can be derived 
for factor inputs through the use of programming techni- 
quasageMagginalecostepnicing is alsotagfamibian fio“m jof 
"shadow pricing". In cases where the market price includes 
indirect taxes or subsidies, it can be adjusted accordingly 
to obtain the "shadow price". If widespread labor unemploy- 
ment prevails in the economy, the "shadow price" of labor 
can be set equal to zero, indicating that society will not 
sacrifice any goods and services if hitherto unemployed 
workers are put to work on the project. For internation- 
ally traded goods, the world price (appropriately adjusted 
for insurance and transport charges) has been suggested as 


an adequate "shadow price". | Likewise, appropriate adjust- 


IUMMeRTCCIeEATIMeL Mirrlecs, Manual of industrial 


Project Analysis in Developing Countries, Vol. 2: Social 
Cost-Benefit Analysis, pp. 103-120. 
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ments can be made to correct for externalities, and other 
market imperfections. It should, however, be stressed 
that the use of “shadow prices" or, rather, the method of 
their determination, is one of the most controversial 
issues in benefit-cost analysis, primarily because the 
subjective judgment of the analyst becomes unavoidable in 


the derivation of "shadow prices". 


2. Indirect (or Secondary) Benefits 

Indirect benefits include value added to activities 
influenced by the project through economic linkages (Fig. 
5.1), and are ordinarily classified as benefits "stemming 
from" or “induced by" the project. Indirect benefits 
stemming from the project result from forward production 
linkages and are represented by the increase in net income 
of those who process and market the project output. On 
the other hand, indirect benefits induced by the project 
result from backward production linkages and are represented 
by an increase in the net income of those who provide goods 
and services to the project. 

If pure competition and full employment prevail in 
the economy, the increase in tne net profits of processing 
and supply firms that can be attributed to the project will 


be zero and hence indirect benefits wiil disappear. | Even 


| A.R. Prest and R. Turvey, "Cost-Benefit Analysis: 
A Survey," Economic Journal (December, 1965), p. 690. 
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in the presence of unemployment, indirect benefits are not 
considered relevant for purposes of project selection 
because either indirect costs are assumed to equal in- 
direct benefits, or the net indirect benefits are assumed 
to be proportionately related to the net direct benefits 
for the alternative projects being considered. | However, 
indirect benefits can be considered for repayment purposes 
if it is decided that all project beneficiaries should 
participate in repayment of the project investment. In- 
direct benefits are generally considered to be net of in- 


direc teeostsa 


3. Extramarket Benefits 

Extramarket benefits involve the vaiues of goods and 
services that do not normally pass through the marketing 
system. They include such items as "collective goods" and 
various types of esthetic, scenic and other social benefits 
normally called "intangible benefits". Generally speaking, 
no market mechanisms exist for measuring the monetary value 
of these goods to society as a whole. It is, however, 
widely accepted that society does derive real utility from 
such goods and services. The main difficulty then is how 
to put monetary value on the benefits that society derives 


from such goods and services. 


l S.V. Ciriacy-Wantrup, "Benefit-Cost Analysis and 
Public Resource Development," Journal of Farm Economics, 
37 (1955), pp. 676-689. 
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Aithough the theoretical issues involved in the 
determination of monetary values for extramarket goods 
are very complex and remain largely unresolved, certain 
practical methods have been devised to circumvent the 
problem. The major approaches to the valuation of extra- 
market goods have to a large extent been based on deriving 
simulated market prices. ! The "willingness to pay" method¢ 
that has become increasingly popular in evaluating recrea- 
tion benefits is one such approach. This method is an 
indirect method of estimating recreation benefits. Travel 
costs and travel time are used as surrogates to the recrea- 
tional facility users' "willingness to pay" and the total 
social benefit of the facility is then obtained by multi- 
plying the individual's "willingness to pay" by the esti- 
mated number of visitors per unit of time. 

The alternative cost method is another technique of 
simulating a market value for extramarket goods. This 
method attempts to infer the value of a non-marketed good 
from the market price of an alternative product of compar- 

! Charles W. Howe, Benefit-Cost Analysis for Water 
System Planning (Baltimore: Publication Press, Inc., 1971), 
O04 750; 


é Forea descripceson or thes willingness to) pay, 
method, see M. Clawson and J.L. Knetsch, Economics of QOut- 
door Recreation (Baltimore: The Johns Hopkins Press, 1966). 
A further extension of the "willingness to pay" method is 
presented in F.J. Cesario and J.L. Knetsch, “Time Bias in 
Recreation Benefit Estimates," Water Resources Research, 
Vol. 6, No.3" (1970)> pp: ./00-704; 
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able quality. Closely associated with the alternative 
cost approach is the opportunity cost approach» wihis 
latter approach refers to the concept of valuing extra- 
market goods by assigning them the value of the goods or 
services sacrificed when scarce resources were diverted 
to the production of the new goods. 

The use of marginal cost pricing to value extramarket 
goods is another approach that seems to have some adher- 


ents. 


Another perhaps more popular method of valuing non- 
marketed goods from the standpoint of developing countries 
is the derivation of imputed prices. This method seems to 
be particularly useful in pricing non-marketed factor 
inputs such as labor and land provided that market values 
existaforstherfinakl productsiz 

Finally, it must be emphasized that while the bene- 
fits of a great many extramarket goods and services need 
to be carefully measured in monetary terms, to try to 
assign money values to all kinds of intangibles for which 
realistic and meaningful values cannot be derived can make 
the entire analysis suspect. However, all the possible 
benefits and costs should be enumerated. Although their 
worth to society cannot be fully assessed by using economic 


criteria alone. The subjective values of the public 


decision-maker become an inevitable ingredient of the 


q J. Hirshleifer, James C. De Haven and J.W. Miliiman, 


Water Supply: Economics, Technology and Policy, p. 89. 


aiaT tonorags f209 
<iiens petw tan eV EAE 
qo zhong: sd. to oufsvosnt mond qningtees xdveboop sedan 
-bagrevitb svaw eso pee" aons22: cenw beat? ivone ,2aotyves i 
_.ebooe wen 909-26 woh opberg yods a2 | 7 
j 


jeduonertxe sulsy of eniaiiqeviees Tene enm to sau ent ee: 

_qarbs ome? aven od 2mbo8 Donde Nosowges agdtons . 2t- 2boog 
-won entulsy %o bonIom vs figyeg s¥om eqsdysq sad7OnA” ! -esae 5 
sstviavod paigelsveb to tntoghasze sitd mow? 2eboop bedodvem 
ot amase bottom etait ..eaahiq beauquh to notsevtvab . std ef 
sag ae? Satadransn ans gera t wy of frteeu.yfrstustirs@ sd : 
cbytev.tsavam dadt-babtvayd best: ons sods! es aide eduqat . 
-saed eng of tdw sees bentositghe- ad. deve 2 ?- yltenta 8 
' baan-seatwrss bs ehoog: Spay sMANsKS UBT 69D! 6270 ehh j 
og: (ot ered qretanom, rt perueseo. xf bwtersa edt ; 
- gordw vot. aetdigestat ta abate ffs ot. 2eplev yorom -aphees - 

slemagnd baviveh-sd> Tomapo? eaniev- futgatnson bos. atse blest 
sidtezey ait its LAN RWOH. « ,-TI9GzeR. zteyisis attine eat | 
atadd UguodtiA .dadevanite.od bivod2 .ateoa.hhe, 2a. teGwe 
siemens gate Wd boeedees Ula? 9¢ Foaued uterfooe- of Advan 
ot Fug amt 20: aeuley avidestdue: edt anode sala 
he elle Re sects 


ee oe pix ee weit on So -ce Se ee Boia 


147 


evaluation process and this should be duly recognized. 


Gre Esihimatiion of Casts 

The costs of a given public project are the sum total 
of the social values of the goods and services sacrificed 
in producing the final output of the project. Three major 
categories of costs are considered relevant to public pro- 
jecteevaluation. They include (1) direct costs; (2) in- 


direct costs; and (3) extramarket costs. 


1. sDitedtreasts 

Direct costs are costs incurred in producing the 
direct output of the project. Direct costs have two major 
components, project costs and associated costs. 

Project costs include the values of goods and ser- 
vices used in constructing, operating, maintaining and 
replacing the various components of the project. In water 
development, project costs would include the cost of instail- 
ing and operating storage facilities, conveyance systems 
and drainage and disposal facilities. Project costs also 
include the construction costs of access roads and social 
service centers as well as housing for participants and 
employees where these are essential for the particular 
project. These costs have different time profiles. While 
the investment or installation cost is incurred during the 
initial period, the operating, maintenance and replacement 


costs are annual costs that continue over the economic life 
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of the project. 

Associated costs, as distinguished from project costs, 
are the values of the goods and services necessary to bring 
forth the direct products and services of the project and 
to make them available for sale or use. In the case of 
irrigation, these include the additional costs of land 
preparation, crop planting, harvesting and marketing the 


project output. 


2tsedindarect, Cosits 

Indirect costs comprise the values of the goods and 
services used to produce the indirect benefits. They 
encompass all the costs incurred by secondary firms in 
supplying the project inputs and in transporting, process- 
ing and marketing the project outputs. These costs are 
subtracted from indirect benefits to obtain the net in- 
direct benefits. 

The problems and issues previously raised in rela- 
tion to estimating direct and indirect benefits also apply 
to the estimation of direct and indirect costs. Since the 
Same approaches suggested for estimating direct and in- 


direct benefits apply here, they have not been repeated. 


Ser vExtnamank ete Costs 
Experience indicates that most projects generate 
costs or adverse effects which are not properly accounted 


for through the market. These costs normally include non- 
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monetary costs imposed on the participants in the project 
such as the disruption of social life and the spread of 
environmental health hazards, as well as the price- 
uncompensated external diseconomies imposed on other 
producing or consuming units. The latter types of costs 
primarily include various external costs induced by the 
project on other firms and industries with which the pro- 
ject is interdependent. More specifically, externalities 
refer to the uncompensated effects, whether economies or 
diseconomies, that a new public project produces on the 
activities of other projects, firms or consumers in the 
economy. 

Dasgupta ana Pearce! identify two necessary and 
sufficient conditions for an externality to exist. These 
are designated as the interdependence condition and the 
non-price condition. The interdependence condition is 
satisfied when the economic activity of a project affects 
the production or utility levels of other producers or 
consumers. The nature of the interdependence could be 
producer-producer, producer-consumer, consumer-producer 
or consumer-consumer. The non-price condition, on the 
other hand, requires that the effect should neither be 
priced nor compensated. Both of these conditions must hold 


for a genuine externality to exist. 


| A.K. Dasgupta and D.W. Pearce, Cost-Benefit Analy- 
SKisitele ony tand ePragticeA-poolis. 


. ned ie ie oe va 
aga ere Per, eta 
saotend od) ot asunighat tune eit no: 54203 108 * 4 
to baanye om’ basset tavanp'te-sotaquretbontshen doue “ 

a. ageing eit an Fiew ep. pebwessde dt 
ysdto wo bseoqut aslinonodeetb fsmtod xe’ bed sansqaonmy 
stesc 70 e5qus voreRT anh 2d btu -patmuanos vo (ga toubetq 
‘out ud cbeowbat 220d ‘[patedks tootrsvcsboksoh Citremtag 
\ Lovgvais foftiw dati 2a) eabnt ons: amtt) tedtocnessoe~org 
-otee i eraotxs.., UPhoakt? Fasqe.o7en - tnobnagebudsat et csost 
sp sotmenese s9dtonw ebsetrs baa sensquosmy ens of 19761 
ent we 2egaudo7g tostotg- aT Fdeq won & dont ,z2eimonoas2tb 


‘ 
s#S af avenuedos so. asda gedsetove twizo/to ests bv isos 


, 
_ 


. TP 

bee Yiseeoton OMe yt to aot — bes. ai qugesds- 
soadT hehe e ee ehtshresko aecve? eeaordd haga gnstorstus 
. gttebis agotté bacco Aonsbusgebtetat edt 268 potenptesd o16 
- ot nottebnoyt aphebragabsernh ont nofdtbagossneiqsaon 


sioa¥ts Goatowy Bho: Yttvitos Diwoness 543 nedw be ttetsse 
49 atboubeya seitto Yo efevel YIP hau ve ‘potssuborq-odd 
; ad=biyed gonebnegedieiat sds -to: evudeh ott) s2tsmuehos 
Oe UbOY G=ABMURHOD  yRSMUENGIA4ITEBOTE - «Babes =" 99UB089 
- add no neko than eaFrgaton edT. cremaandIet9mdensou40 
od wwddton bfuote 298798 ant dada aevtupen-abasdsaa8he, 
bred Soum .enottioaes’ sepdd- to Ate - _bedsensqnos: son bestag 
ee eS ree De. + heknee od eh fenssoxe entenspss 107 
. te 
ag erent. 


- 


150 


While externalities can take several different forms, 
two general types of externalities may be distinguished. | 

1. Technological externalities: These refer to 
project spillovers that affect the input-output relation- 
ships of the other producers or the utility functions of 
consumers. Technological externalities, therefore, either 
impair or enhance the productive efficiency of the affected 
firms and the level of satisfaction of the affected con- 
sumers. A typical technological externality in irrigation 
projects, for instance, occurs when the salt-contaminated 
return flow from upstream fields reduces the productivity 
of irrigated fields located downstream. Water and air 
pollution in general is also a good example of technological 
externality both in production and consumption. 

2. Pecuniary externalities: These are externalities 
that refer to the effect a project will have on the market 
demand and supply relationship of certain goods and ser- 
vices. They are, therefore, associated with project- 
induced price changes that affect the benefits and costs 
of other economic agents. For instance, a new project may 
increase the demand for some scarce factors of production 
and consequently increase the price to all purchasers of 
those factors. The increase in project output may reduce 


its own price and hence cause the demand for substitutes 


R.N. McKean, Efficiency in Government Through 


Systems Analysis, pp. 134-150. 
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to decline or cause the demand for complementary goods to 
rise. Such changes, of course, benefit either sellers or 
buyers but always lead to a transfer of income from one 
party to another. 

Pecuniary externalities that merely transfer income 
from one section of the community to another are not rele- 
vant to benefit-cost analysis and hence should not be 


| To include them would result in double count- 


included. 
ing. The purpose of project evaluation is to measure 
incremental output or income, not a mere transfer of income 
Trom one party to another. However, in the case of unemploy- 
ment or underemployment, the wage payments received by 
previously unemployed workers represents an increment to 
national income and hence should be included as a non- 
technological external benefit to the project. In contrast 
to pecuniary externalities, technological externalities 
involve real gains or losses and consequently should be 
considered in benefit-cost appraisal. 

It should be pointed out that technological externa- 
lities are in reality a reflection of either the indefi- 
niteness of property rights, the existence of "common pro- 
perty", or the lack of adequate enforcement of property 
rights. With a clear and complete definition of property 


rights, it should be possible to eliminate or minimize 


A.K. Dasgupta and D.W. Pearce, Cost-Benefit Analy- 
sist TheoryaandsaPractice,aps 21; 
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technological externalities. 


Dm thhe*Soctal Discount Rate 

Use of either the net present discounted value or 
the benefit-cost ratio criterion for project selection 
and ranking requires prior specification of a social dis- 
count rate. Unless the bold assumption of the non-exist- 
ence of time preference on the part of society is made, a 
discount rate will be necessary in order to reduce benefits 
and costs occurring at different points in time to a com- 
parable time period. Likewise, for comparative purposes, 
use of the internal rate of return also requires prior 
specification of the social opportunity rate of return. 

. thevchotcesofean*appropriatetsociab discount rate; 
however, poses a very serious difficulty in public project 
evaluation. If perfect competition prevailed in botn the 
factor and product markets and there was no divergence 
between social and private costs, and their respective time 
preferences, the equilibrium market rate of interest could 


| But 


serve as both the private and social discount rate. 
Since the real world is characterized by market imperfec- 
tions, divergence between social and private benefits and 
costs, and differences between social and private time 


preferences, the market rate cannot be taken to represent 


ee ae 


Kenneth J. Arrow and Mordecai Kurz, Public Invest- 
ment, The Rate of Return and Optimal Fiscal Policy (Balti- 
more: The Johns Hopkins Press, 1970), p. 5. 
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the social discount rate. The difficulty is further com- 
plicated by the existence of many diverse interest rates 
in the market. 

Theschoice-of.a particular,discounterate; ‘ofcourse, 
has a direct bearing on project selection. If too high a 
discount rate is chosen, a potentially profitable project 
may be rejected, and if the discount rate is too low, pro- 
jects with unacceptably low returns may be undertaken. The 
determination of an optimum social discount rate, there- 
fore seispot vitalseimportance in projectsevaluation:; 

At present, there iS no concensus among economists 
on how to derive the social discount rate. There seems to 
be three different schools of thought on the subject. | The 
first argument is based on the notion that the social rate 
of time preference, as opposed to the private rate of time 
preference, should reflect not only the preferences of the 
current generation but also the preferences of future 
generations. It is often argued that the government is 
a trustee for unborn generations and that unlike the indivi- 
dual, the society as an entity lives forever. Hence the 
social discount rate should be lower than the private 
discount rate which is said to be guided by "myopia" or 
short-sighted self-interest. 


The second school of thought argues that the social 


] 


D.W. Pearce, Cost-Benefit Analysis (London: The 
Macmillan eress td... Lov). DD. 40549. 
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discount rate should reflect the opportunity rate of 
interest, usually assumed to be in the private sector, on 
Ghe grounds *thatefaibving *to dotso will oresultyin®less 
profitable public projects displacing more profitable 
projects in the private sector. To avoid such a misalloca- 
tion of resources it is suggested that the social discount 
rate should be equal to the rate of return on marginal 
projects in the private sector. 

The “third *school “of "thought argues that; since 
society has an interest both in the long term social viabi- 
lity and in the short term efficiency of resource alloca- 
tions thessoctalsdiscount rate should rerlect™both int lu- 
ences. In particular, it suggests that a "planner's rate" 
which takes into consideration both the social and private 
rates of time preference should be used as a social dis- 
count rate. In any event, whichever school of thought is 
followed, it seems to be difficult to divorce the subjec- 
tive judgment of the planner in the determination of the 
social discount rate. Once this is recognized, however, 
it is essential, from the standpoint of practical project 
evaluation, to state clearly how the discount rate was 
arrived at and indicate how sensitive the objective func- 
tion is to the discount rate. 

In Ethiopia the capital market is not well developed 
as yet. The single most important source of long term 
Capital is the Agro-Industrial Bank of Ethiopia. It is a 


publicly owned institution whose main purpose is to foster, 
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promote, and finance agricultural and industrial projects. 
The interest rates charged by this bank can, therefore, 

be assumed to represent the social opportunity cost of 
long term capital in Ethiopia. The bank presently charges 
different rates for different forms of loans. Agricul- 
tural loans are charged interest at the rate of 10 percent 
while non-agricultural loans are charged at 12 percent or 
over. In view of the dearth of capital in Ethiopia, it 
seems that a case can be made for using the interest rate 
charged by the Agro-Industrial Bank of Ethiopia as the 


appropriate social discount rate for agricultural projects. 


E. The Planning Horizon 


The time period over which the economic analysis of 
a project can be conducted is normally determined by the 
economic difexofathe projectte, Theseconomic; life,,of 
course, cannot be longer than its physical life. However, 
project economic life is greatly influenced by changes in 
technology and future demand and supply conditions of both 
inputs and outputs. In a world of perfect foresight, where 
these changes can be accurately predicted, economic returns 
can be maximized if the economic life of the project is 
set at the year at which the net present value of the pro- 
ject is maximum. Operating the project beyond this point 
will add more to costs than to benefits and hence will 
cause the net present discounted value of benefits to 


decline. It should be pointed out in this connection that 
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the discount rate chosen can affect the economic life of 
a project; high discount rates reduce the economic life 
and vice versa. 

In the real world, however, costs and benefits accru- 
ing far into the future cannot be estimated with a high 
degree of accuracy. In practice, therefore, one resorts 
to a more subjective determination of project life, depend- 
ing on such factors as the degree of risk and uncertainty 
perceived, the existence and nature of irreversibilities 
involved, and the degree of flexibility desired. A more 
cautious and conservative approach seems to be advisable 
if the project involves potentially irreversible effects 
which will have adverse consequences on human welfare and 


the environment as a cyolam 


While, in general, arbitrari- 
ness seems to be unavoidable in determining the planning 
horizon, the need to avert risk and uncertainty and the 
desire to increase flexibility and minimize irreversibi- 


lity require that a relatively short planning horizon 


instead of the physical life of the project be adopted. 


Pre RISK wana Umcertalmluy 
Despite persistent efforts on the part of economic 
theorists to improve and refine prediction and forecasting 


techniques, economic science is still very far from being 


Charles W. Howe, Benefit-Cost Analysis for Water 
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able to accurately predict future states of an economy. 
Future economic events always have some risk and uncer- 
tainty associated with them. Estimates about the future, 
especially economic estimates, cannot be made with full 
Knowledge. Since the economic life of investment projects 
invariably extends over a long period of time, project 
analysts cannot estimate future benefits with complete 
certainty. 

Risks and uncertainties associated with an invest- 
ment project could arise from unanticipated technical 
failure of the project, from natural disasters, or from 
unpredictable changes in the economic environment and 
technology. In practical project evaluation, while some 
economic estimates based on a priori knowledge or statis- 
tical expectations can be made with some degree of probabi- 
lity, no degree of probability can be attached to certain 
other estimates or expectations. Each of these types of 
outcomes must be provided for if their unfavorable impact 
is to be avoided or at least the major part of it averted. 
It is therefore worthwhile to examine some of the adjust- 
ments and corrections that can be made for risk and uncer- 


tainty. 


lavaRisk 


Risk involves those future outcomes which can be 


estimated with a certain degree of a priori or statistical 
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probability. | In other words, a probability distribution 
can be specified for risky events. Risky situations are, 
therefore, likely to be relatively easier to handle than 
uncertain outcomes in project evaluation. 

Once the probability distribution of future outcomes 
is known, different methods exist for incorporating the 
associated risks in project analysis. For instance, means 
and variances can be used in the objective function to 
specify the range of values to be optimized.¢ Specified 
probabilities of various outcomes can also be used in 
direct decision-making by determining the expected values 
of future benefits or costs.° 

Although the use of probability and other abstract 
decision theories such as those dealing with "maximization 
of expected utility" are intellectuaily appealing, they 
are generally impracticable and hence do not provide an 


f 


adequate guide in empirical project evaluation. In prac- 


tice, therefore, the economist will have to resort to the 


Franke Heakitoitemkisk.UNCELLaincy sander nO tale 
(Boston: Houghton Mifflin Company , 1921), Chapter VII. 
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R. Rees, "Public Sector Resource Allocation Under 
Conditions Of RISK. eeSsays i MOUeCrNe LOOnNOmlcss. ine 


Proceedings of the Association of University Teachers of 
Economics, Aberystwyth, 19/2 (Dorking, Great Britain: 
Adlard d 
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3 E.J. Mishan, Cost-Benefit Analysis, pp. 282-284. 
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Tess elegant but more practical techniques of adjustment 
ftorerisk? 

Three more practical but crude risk adjustment tech- 
niques seem to be widely used by engineers and economists 
in project design and feasibility analysis. | These tech- 
niques are: (1) contingency allowances which arbitrarily 
raise certain categories of costs by a certain percentage 
or reduce benefits through price assumptions which are 
below expected prices; (2) a limit to planning horizon 
shorter than physical life and also shorter than expected 
economic life; and (3) the use of a risk premium in the 
discount rate. 

These are for the most part arbitrary and generally 
conservative techniques and they seem to be aimed at avert- 
ing or minimizing risk. Obviously. there is a price to be 
paid for greater security, and being unduly conservative 
can result in the rejection of viable and desirable pro- 
jects. To reduce the arbitrary and extremely conservative 
nature of these adjustments, it may be useful to establish 
values of "pessimistic," "normal" and "optimistic" outcomes 
and then conduct a sensitivity analysis to determine the 
stability of the solution obtained. In cases where large 
statistical observations of the variables in question 


(for instance, prices and yields) are availble, the mean 


| Otto Eckstein, "A Survey of the Theory of Public 
Expenditure Criteria," p. 469. 
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and standard deviations can be employed to determine the 
three critical values. The final decision can then be 
made on the degree of relative confidence that the 


decision-maker has in each of the three values. 


2.  Uneertainty 


As already mentioned above, uncertainty refers to 
classes of future events for which a probability distribu- 
tion cannot be specified. The information available about 
these events is too inadequate to allow any specification 
of probabilities about their behavior. 

Although the problem of how to handle uncertainty 
in economics is still far from being satisfactorily 
resoived, some theoretical approaches for decision-making 
under uncertainty have been developed. Game theory is 
one of the interesting theories in this regard. The mini- 
max principle, which attempts to minimize losses if the 
worst of the possible outcomes occurs, and the maximum 
principle, which chooses the worst of the best possible 
outcomes, are the well known game theoretic approaches 
that can be employed to handle uncertainty. | 

The more practical approaches to uncertainty, how- 
ever, include built-in project flexibility which allows for 


adjustment as new information becomes available, limiting 


: For a review of game theory, see: R.D. Luce and 
H..Raffia, Games and Decisions (New York: John Wiley, 
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projects to reasonable sizes, minimizing irreversibilities, 
and developing projects by stages so that huge and costly 


mistakes can be avoided. 


Gs. "With" and "Without" Comparison 

Changes in the project area are likeiy to occur 
naturally even in the absence of a project. It is there- 
fore incorrect to attribute all the changes occurring 
after a project is established entirely tc the project. 
A realistic assessment of the relative merit of the pro- 
ject consequently requires contrasting the situation "with" 
the project to that "without" the project. For the pro- 
ject to be judged desirabie it must show potential net 
benefits that are larger than would have been obtained 


"without" the project. 


Be poensiti vity sAnalhy siis 


Projects are generally subject to a high degree of 
uncertainty. Single value expectations in the crucial 
variables of price, yield, discount rate, economic life 
of project, etc. may fail to be realized and such eventua- 
lities must be anticipated and provided for in advance if 
unfavorable results are to be minimized or avoided. Sensi- 
tivity analysis is a way of assessing the impact of changes 
in expected price, yield, discount rate, project life or 
delay in construction periods on the net benefit of the 


project. The effect of unfavorable changes in these para- 
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meters on the social profitability of projects can be 
assessed by substituting the new values for initially 
expected values. Based on the outcome of sensitivity 
analysis, then, a contingency plan that will help avert 
or minimize the effect of unfavorable changes can be 


developed. 


Financial Analysis 


In contrast to economic analysis, financial analysis 
is concerned with purely financial costs and revenues of 
a project. Its main purpose is to evaluate the various 
methods of project financing and cost repayment. Unlike 
economic analysis, financial analysis relies strictly on 
prevailing market prices to evaluate the annual project 
revenues and costs. 

In the context of the Ethiopian economy, two areas 
of project financing seem to be of major concern. The 
first involves the financing of imported goods and ser- 
VicGesctePubii céprayectsrof tthetkind tenvitsagedeinethis tstudy 
will require a considerable amount of imported materials 
both during initial construction and for annual operation, 
maintenance and replacement of the project facilities. 
Fuel, fertilizer and farm machinery required for farm 
Operations will also have to be imported from abroad. A 
sufficient amount of foreign exchange must, therefore, be 
available to finance these needed imports. 


Once the absolutely necessary foreign exchange costs 
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of the project have been determined, funds may be acquired 
through a range of alternatives. The most obvious alterna- 
tive, of course, is to use part of current foreign ex- 
change earnings to import materials for the project. This 
might involve using uncommitted earnings or diverting 
funds from other (preferably luxury) imports to materials 
needed for the project. However, since annual foreign 
exchange earnings in Ethiopia are extremely limited, there 
may not be sufficient uncommitted funds available to pay 
for the needed imports. Although eventually all imports 
will have to be paid for from export earnings, the Govern- 
ment can borrow abroad for the immediate purpose of financ- 
ing the foreign exchange cost of the project. Normally, 
a wide range of foreign lending sources, both private and 
government, are available. In some instances, it may be 
possible to work out bilateral or multilateral arrange- 
ments with supplying countries. Aid donor countries might 
also be interested in financing an economically viable 
project. While there are indeed a large number of alterna- 
tives for acquiring capital abroad, each alternative must 
be carefully weighed with regard to terms, conditions, 
and consistency with national and project objectives. 

The second area of concern with regard to project 
financing is how to finance the purely domestic cost of 
the project. Under normal circumstances the government 
could borrow from the National Bank (credit creation), 


borrow from the public through the sale of bonds, or raise 
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the taxes. In Ethiopia, absence of a weil developed 
capital market limits the possibility of financing the 
project by issuing bonds. Therefore, deficit financing 
and general tax revenues seem to be the only viable alter- 
natives available to the government for financing invest- 
ment projects. The choice of the better alternative, of 
course, depends on social, political and economic factors. 
It is quite conceivable that the government may not find 
it socially and politically expedient to increase generai 
taxes to finance the project. Although under conditions 
of widespread unemployment and depressed general price 
levels deficit financing can be both simple and advant- 
ageous, projects wil! have to be financed from general 
tax revenues in situations where the economy is facing 
inflationary tendencies or when the project is large enough 
to raise the general level of prices. The merit of each 
method of financing must therefore be carefully assessed 
in light of the prevailing or expected state of the economy. 
Closely associated with the problem of project 
financing is the question of cost repayment. The public 
decision-making entities must decide whether the project 
cost should be reimbursed, and if so, how much of it should 
be repaid, who should pay it, and how the repayment should 
be collected. The repayment problem becomes particularly 
complex if the general rule that payment snould be made 
in proportion to benefit derived is to be applied. Char- 


AOCOVisGlcaliys, sOClalepenerlts accruing trOMea pupw lc 


ae - A 


: ' | 
yeaa -' 
copies ma teste tne a ogy we ft 
‘ods grtanadt? to veer taraeeg, att) <2 tm ah oad 
entaneat? stata anne _vabmod cae sig” 
-16tle sbhderty <yiso oft of of Meee @aunevey xed rf > ben 
szavnt potarent? vor dwenireven stt-0s PRES - 


to ,svrtenratls vetted ade To ao tdito - ant. ccamesbingfoaie: 


2 


? J , 


s 


’ 


.cro?on* olmeneod bre Tsatattaq- , fatooe wwe ebasqab : 92002 is 
bat? tan Ysa Shemavrevog oft add dT ésvtaonoseed tap etek 
Fevstep sesenzet af Jasrbsqne gf feotteioq bra VEf setae oF 7 
saotstbaeo teban AgeodriA staeterq Sng ommenth of 2axed a 
aoteq Tewenee saz cengeb -bne tnesvotinate tenga 
ctisebe bre siqute Afod 9¢ neo -pnharsatt: ahah vet sefovel 
farnanse aay? pesaent? ‘ot of evedt: Lian 22M bere  eueses ¢ 
oriaat.ch Neonasd aekt anette engktauata wk. zounave™, sd i 
duuens agree! 2f taspote ay: tad +0 ntonamen cuenta 
‘ dped Fo s'xom af? .eonteg to fevel - isvantag- ott. s2tsv os 


boezozves ylintenso sé avehevedd t2um pntonsnt® por 
yuonoss ait. to state betoeqne V0 antl teveng onto snd tiem 
-toston te mwahdotsg, sd att tw beistaozes neoostaalie 
virfelug afl. stomgeqan te02. To. nofrzeup -odteat gm 

. Sesiorq ott rsttadi whlasb.2euerz2et tae eo 
phvode dF Yo @oum-wod. ~oe Ah bin _bezrudmtay 2d.tef wo 
 btworlat sememesgon ond walle bimwe 9ih vse bivode ow yb! 


165 


project are so widely distributed throughout the economy 
that seldom, if at all, can they be traced to the final 
point of incidence. Of course, there are certain immedi- 
ately identifiable beneficiaries, but it would be unfair 
to expect them to bear all the costs since they do not 
derive the entire benefits. If a repayment policy is to 
be fairly and equitably applied, it will be necessary to 
more accurately identify and measure all the direct and 
indirect benefits that flow from the project. The incid- 
ence of these benefits must also be carefully identified. 
This, of course, is a formidable task and would require 
the use of complex techniques such as input-output analysis. 
However, once the recipients of the benefits have been 
properly identified, various approaches can be used for 
collecting the repayment. A simple workable approach 
would be to apply a direct user charge, which may have a 
fixed and variable component, to the direct beneficiaries 
and use general taxation for collecting repayment from 
indirect beneficiaries. Other forms of repayment schemes 
may be more applicable to specific situations; therefore, 
it is useful to investigate various viable forms of repay- 
ment schemes for each project before a final decision is 


reached. 


Summary 


The analytical tools of recursive programming and 
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benefit-cost analysis were described in this chapter. 
Recursive programming is an extension of linear programm- 
ing designed to overcome the non-dynamic limitations of 
ordinary linear programming. The basic elements of linear 
programming, namely, the objective function, the resource 
constraints, and the non-negativity constraints, and most 
of the assumptions of linear programming apply to recur- 
Sive programming as well. In addition, however, time 
enters the recursive programming analysis in a fundamental 
way. Time is incorporated into a recursive model through 
the use of flexibility coefficients that help tie either 
the objective function, the constraint matrix, or the 
right-hand-side parameters of a model at a given period 
te a model of a preceding period. The estimation of the 
flexibility coefficients and the year-to-year changes in 
any of the parameters, therefore, represent a crucial 
aspect of recursive programming. Once the flexibility 
coefficients are estimated, a sequence of linear programm- 
ing models are developed for each year over the planning 
horizon. The solution procedures are quite similar to 
those of ordinary linear programming. The simplex algo- 
rithm can be used to solve each of the sequential models 
Or a computer program can be developed to solve the entire 
sequence in one run. 

Benefit-cost analysis is an analytical approacn that 
attempts to describe and quantify the social costs and 


benefits of public investment or public economic policy. 
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However, the practical application of this seemingly 
simple approach involves a great many probtems. First, 
the specifications of a properly measurable social objec- 
tive presents a serious difficulty. A wideiy agreed upon 
and operational index of social welfare has so far eluded 
the efforts of economists. The maximization of real 
national income, although the most widely used social 
objective, fails to provide an accurate measure of social 
welfare because it ignores distributional issues and assumes 
the marginal utility of income to be equal for all indivi- 
duals in the society. Second, the valuation of costs and 
benefits in the face of externalities, market imperfec- 
tions, and extramarket goods also poses major difficulties 
because under these and related circumstances, market 
prices do not carry full information about costs and bene- 
fits. Third, additional problems revolve around the choice 
OFttne soctal®discount eratewand the*projecke selection 
eri'teridr==rifial ly, controversy over the length of the 
planning horizon and the treatment of the complex problems 
of risk and uncertainty further complicate benefit-cost 
analysis. 

Characteristically, benefit-cost analysis encom- 
passes both economic and financial analyses. In economic 
analysis, the concern is with the overall efficiency of 
resource allocation. The main objective here is to deter- 
mine whether a project can yield sufficient positive net 
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other investment opportunities in the economy. Economic 
analysis also recognizes that not all costs and benefits 

of a public project may have monetary value and that 
market prices may not always measure the true social costs 
and benefits of goods and services. In financial analysis, 
on the other hand, the emphasis shifts to consideration of 
direct annual revenues and costs measured in market prices. 
The overriding concern in financial analysis is whether 
the annual revenues will be sufficient to cover the amor- 
tized and operating costs of the project in question. 
Consequently, the careful examination of alternative forms 
of financing, the assessment of the incidence of benefits 
and costs, the method of product pricing or the determina- 
tion of the method of cost repayment are all considered 
Vila leaspects 107 ef inancidlsanalysas. 

In conclusion, therefore, the two techniques des- 
cribed in this chapter, namely, recursive programming and 
benefit-cost analysis, do complement each other and they 
seem to be quite appropriate for the purpose at hand. 
Undoubtedly, if carefully, prudently and competently 
applied, the two techniques, in combination, can provide 
useful and realistic results in water project analysis. 
The empirical analysis presented in the following chapter 


will attempt to demonstrate this. 
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CHAPTER VI 


EMPIRICAL ANALYSIS 


The implications of the theoretical analysis pre- 
sented in the preceding chapters suggest that the available 
empirical evidence be examined carefully in order to esta- 
blish whether public investment in agricultural water 
development in Ethiopia will be economically feasible. 
Associated with the question of economic feasibility is 
the need to determine whether such an investment can signi- 
ficantly contribute to the expansion of food production 
and employment. The purpose of this chapter, therefore, 
is to bring together and analyze the data relevant to the 
empirical evaluation of the study. More specifically, this 
chapter seeks to outline the data sources, the valuation 
procedures, and the overall empirical analysis of the 
study. The results of the empirical analysis, however, are 


summarized in the subsequent chapter. 


Source of Data 


Data for this analysis were collected from a variety 
of sources. The most important sources were the field 
data compiled by the Blue Nile and Awash Basin surveys. 


The basic engineering and agronomic information for the 
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Megech Project were obtained primarily from the Blue Nile 
survey conducted jointly by the Ethiopian government and 
the Bureau of Reclamation of the United States Department 
of the Interior in the 1960's. «The figures, however, have 
been reviewed and appropriately adjusted to reflect the 
changes that have occurred since the survey was published 
in 1964. The corresponding information for the Kesem Pro- 
ject, on the other hand, were derived from the extensive 
Awash River Basin survey carried out jointly by the 
Ethiopian government and the F.A.0./U.N. Special Fund and 
subsequently published in a series of five volumes in 1965. 
These data have also been modified, wherever necessary, to 
reflect changes that have occurred since the figures were 
published. 

Information regarding recommended rates of fertilizer 
application and yield levels were obtained from the national 
fertilizer trial programs and the experimental results of 
the Institute of Agricultural Research and the College of 
Agriculture Experiment Stations. The annual reports of 
the National Crop Improvement Committee and the large 
commercial and state farms were useful sources of dryland 
and irrigated yield levels. Commodity prices and market 
information were obtained from the Ethiopian Grain Board, 
the Ethiopian Grain Corporation, the National Bank of 
Ethiopia and the various publications of the Ethiopian 
Central Statistical Office. Labor requirements, machinery 


performance rates as well as machinery and other input 
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prices were obtained from commercial and state farms, 
College of Agriculture publications, machinery dealers, 

and farm supply companies. Data from the files and the 
large number of volumes published by the Stanford Research 
Institute as part of the Agro-Industrial Survey of Ethiopia 
were also heavily drawn upon at various stages of the 
analysis. 

Additional information was also obtained from offi- 
cial and unofficial sources in the Ministry of Agriculture, 
the Planning Commission, the Awash Valley Authority, the 
National Water Resources Commission, the Technical Agency 
of the Ethiopian Government, and the Ethiopian Ministry of 
Industry and Commerce. These sources were further supple- 
mented by other sources including published and unpublished 
theses on Ethiopian agriculture, independent studies and 
reports by individual experts, books and library materials, 
F.A.O. and related U.N. publications, as well as personal 
knowledge and private correspondence with Ethiopian econo- 
mists, agronomists, administrators, and farm managers 
thoroughly knowledgeable about Ethiopian economic and agrono- 


miheeconditions: 


Valuation Procedure 


The accounting of costs and benefits in this study 
follows a national rather than a regional or local "stance". 


The focal point of the evaluation procedure is overall 
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social costs and benefits as opposed to regional, local, 
Or private costs and benefits. 

The major portion of the costs and benefits con- 
Sidered relevant to this analysis are those for which mar- 
ket values are available or can be readily imputed with 
an acceptable degree of accuracy. An attempt has not been 
made to quantify and incorporate the extramarket benefits 
and costs of the proposed projects in the quantitative 
analysis. But the nature and magnitude of the extramarket 
benefits and costs have been discussed so as to provide 
the decision-makers with additional information that they 
may find useful when assessing tne potential impacts of 


these projects. 


Measurement of Costs 

Land, labor, and capital constitute the resources 
needed for the construction and operation of the projects 
envisaged. in this study. To arrive at the true cost of 
undertaking the projects, it is essential to determine the 
socral oppor tunity tcost tof tusiiig aunt to trea ch tof “the 
three resources required for establishing and operating 
the projects. Under Ethiopian conditions, the valuation 
of land, labor and capital poses difficuities peculiar to 


each factor. These peculiarities will be discussed beiow. 


Aaa Land 


According to the Rural Land Proclamation of March 
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1975, all land in Ethiopia has been nationalized and 
although individual farm operators may have usufructuary 
rights for up to 10 hectares of land, transfer of same 
through sale or inheritance has been banned. There is 
therefore no market value for land in Ethiopia. The 
absence of a market value for land does not, however, pre- 
clude the fact that land has a social opportunity cost and 
this fact must be recognized if widespread misallocation 
of this vital and scarce resource is to be avoided. 

In this study, it is assumed that the government 
will make land available to the proposed projects free of 
charge. This assumption is consistent with the declared 
policy of the present government, which tends to encourage 
cooperative»and state, farms: Nevertheless,’ an imputed 
rent for land based on previous experience and level of 
productivity of the particular tract of land must be 
inciuded as a land cost to ensure that land will not be 
misallocated. Aithough this cost may not in fact have to 
be paid, charging the imputed rent of land to the project 
serves as a reasonable safeguard against the possibility 
of misallocating land. Accordingly, an imputed land rent 
for each type of land anticipated to be utilized in each 
project was included to account for the cost of the land 


Resources 


l Provisional Military Government of Ethiopia, "Rural 
vandeProclaindtil ONjoee th Oplansterald, sMarche4. «1975. 
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B. Labo 


The valuation of labor services in Ethiopia presents 
certain peculiar problems as well. To begin with, the 
labor market in Ethiopia is not well developed. It is 
therefore premature to speak of market-determined wage 
rates for the labor force still employed within the tradi- 
tional agricultural sector. In this sector, hired labor 
constitutes a very small proportion of the tabor force, 
and almost all the labor input is supplied by family members. 
Production in this sector is also primarily for family con- 
Sumption and only a very small share of the produce is 
marketed. 

Whether there is a well developed market or not, the 
value of labor services must, among other things, Nave 
some relationship with labor productivity. Labor producti- 
vity, of course, is in turn related to the skill and dex- 
terity of the labor force. Therefore, in order to arrive 
at a realistic assessment of the sociai vaiue of labor 
services in Ethiopia, it is necessary to divide the total 
labor force into two groups: skilled and unskilled workers. 
Unskilled labor by far outnumbers skilled manpower in 
Ethiopia. Although not properly documented, there seems 
to be widespread underemployment of unskilled labor through- 
out the country. 

While the rate of unemployment varies from region to 
region, the available evidence seems to suggest that open 


unemployment in Ethiopia is more an urban than a rural 
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| The traditional rural sector seems to mask 


phenomenon. 
open unemployment into disguised unemployment through 

such mechanisms as the extended family system and work 
sharing arrangements. Nevertheless, there appears to be 
little disagreement that a significant number of unskilled 
workers can be withdrawn from rural Ethiopia without dis- 
cernably reducing the level of agricultural output. The 
marginal product of unskilled labor in Ethiopia, therefore, 
appears to be very close to zero. 

In the presence of high levels of general unemploy- 
ment and underemployment of unskilled labor in the nation, 
the social opportunity cost of labor can be presumed to be 
zero. This means that the nation will not forego any goods 
and services when the new project employs heretofore 
unemployed workers. 

This situation can also be looked at in a different 
light. While the project still has to pay wages comparable 
to those in other similar enterprises regardless of whether 
there is unemployment or not, such wage payments do not 
represent an appropriate social cost from the national 
point of view. Therefore, the appropriate accounting price 
of unskilled labor under Ethiopian conditions is zero. 


The situation with skilled labor, however, is differ- 


ent. Skilled manpower is in short supply in Ethiopia. The 


l HOY eaeCtsCUSS  OlMmOn onl smpOllLESee Yilma Tekle- 
mariam, "Issues in Labor Unemployment and Migration in 
Btnvopia,. - 
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projects considered in this study will have to compete 
with other projects and sectors of the economy for the 
limited supply of trained and skilled workers. 

Another important consideration in this connection 
is the fact that skilled workers have a tendency to con- 
gregate in urban centers and, unlike unskilled workers, 
cannot be recruited locally. Skilled workers must there- 
fore be recruited in the big cities and transported to the 
project site. To obtain the qualified anda competent 
employees required by the projects, the level of salaries, 
compensations and fringe benefits offered must be of a 
magnitude sufficient to induce them to work at the project 
site. In view of these considerations, skilled labor in 
this study is valued at Addis Ababa salary levels plus 
transportation costs to the project site plus a specified 
percentage of the basic salary, consistent with the civil 


service scale, for hardship allowance. 


C. Capital 


The term capital as used here encompasses all the 
resource inputs other than labor and land required for the 
establishment and successful operation of the projects 
considered in this study. It ‘is a category that includes 
goods and materials ranging from cement and reinforcement 
steel to farm machinery and implements considered essentiai 
to bring forth the project output. In determining the 


total capital expenditures, distinctions are made between 
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home produced and imported goods. 

Not all capital goods and services required for the 
construction, maintenance and operation of the projects 
are expected to be home produced Ethiopian products. A 
fair portion of the capital equipment and production 
inputs (approximately 40 percent of total capital expend- 
ture) are expected to be imported. The valuation of goods 
coming from each of these sources requires some complex 
procedures. Although these products have market prices, 
it is often necessary to adjust the prevailing market 
prices either for subsidies, taxes, or overvalued exchange 
rates so as to derive accounting prices that more accur- 
ately reflect their true social costs. The general approach 
used in this study for the determination of the capital 


expenditure is summarized below. 


Wes Domestic %Capital 


The cost of the materials and resources obtained 
from domestic sources is computed on the basis of the 
Addis Ababa wholesale price less subsidies and indirect 
taxes plus transportation cost to the project site. Addis 
Ababa was chosen as a source of supply for capital items 
after examination of other viable sources of supply. For 
most of the goods anda materiais considered, the appropri- 
ately adjusted Addis Ababa wholesale price compared favor- 
ably with other competitive supply sources. It has also 


been found that Addis is a more reliable source of supply 
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for most of the materials needed. As the major market 
center in the country, Addis also offers possibilities 
of bulk purchase of supplies which can lead to scale 


economies. 


Cwee MpOrLeasGap? tal 


The goods expected to be imported for project pur- 
poses range from construction and irrigation equipment to 
farm production inputs such as fertilizer, pesticides, and 
improved seeds. In the presence of such factors as import 
subsidies on farm equipment and farm fuel and an over- 
valued currency, there is bound to be a divergence between 
the domestic market price of imported goods and their true 
S0C1TAl OPDOrULUNntLty COSt. 29 In GENT ONTas IMDOYLed Goods Im 
general are subject to import duties and transaction taxes. 
However, according to the Ethiopian Investment Proclamation 
No. 242 of 19668 agricultural and industrial machines, 
implements and appliances or parts thereof which are 
imported for exclusive use in agricultural and industrial 
enterprises are exempt from import duties and taxes. In 
this study, therefore, imported goods needed for the pro- 
yecteare=Vvalued-atec.1.1. port ot entry pilus transpore 


charges to the specific project area. 


| William L.K. Schwarz, Paulos Abraham and Kifle- 
Mariam Zerom, Industrial Investment Climate in Ethiopia, 
Report No. 2 (Menlo Park, California: Stanford Research 
Institutes tdy.o) 968) ,.eppeal 36/3% 
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Measurement of Benefits 

Measuring the benefits of a public project basically 
involves the task of measuring the users’ or consumers' 
Willingness to pay for the output of the project. If the 
goods to be produced are marketable, appropriately adjusted 
market prices can be taken to represent the consumers' 
willingness to pay for the projects output. The problem 
of measuring benefits, however, becomes very complex if the 
goods to be produced have no observable market value. 

The outputs of the projects proposed here are largely 
marketable. Therefore, their direct social benefits can 
be estimated on the basis of expected yields and prices. 
Accordingly, yield levels both "with" and "without" the 
projects were carefully estimated for each of the alterna- 
tives considered. In estimating yields, it was assumed 
that a period of ten years of operation would be required 
for the projects to achieve full irrigated yield levels. 
The ten year lag period will hopefully allow sufficient 
time for educating farmers in the techniques of irrigation 
farming and will facilitate a smooth, orderly transition 
from dryland farming to irrigation agriculture. 

The prices used to value the outputs are the immedi- 
ate post harvest farm gate prices of 1970. Imputed farm 
gate prices were developed for each project area by adjust- 
ing Addis Ababa wholesale commodity prices for transaction 
taxes and transport charges. 


A portion of the annual output is expected to be 
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exported in order to obtain foreign exchange needed to 
operate the project. The amount of foreign exchange earn- 
ings that can be raised by exporting project outputs is 
computed by adjusting the f.o.b. price of the commodity 
at the port of exist for export taxes and transportation 
charges. Finally, due to lack of adequate data on indirect 
benefits and costs, only direct costs and benefits are 
quantified in this study. But to provide the policy maker 
with the complete picture, the projects' possible impact 
on indirect benefits and costs have been enumerated. Extra- 
market costs and benefits also have not been quantified, 
but their possible magnitudes and impacts are discussed. 

To eliminate the effect of inflation and measure 
only real changes in output, all prices and costs are based 
on 1970 Ethiopian dollars. Foreign exchange rates are also 


ete 


computed on the basis of the 1970 fixed rate levels. 
should be mentioned that dramatic changes have occurred in 
the foreign exchange market since 1970. The United States 
dollar, the currency on which the Ethiopian dollar is 
pegged, was devalued in 1971 and global inflation has caused 
the price of manufactured goods to rise dramatically. The 
prices of petroleum and fertilizers, in particular, have 


skyrocketed since 1971. 


Although these changes are recognized and more changes 


l eth. $1.00 = $0.40 U.S. prior to the 1971 U.S. 
devaluation. 
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are likely to happen in the future, it can be safely 
assumed that in the long run changes in costs and benefits 
arising from inflationary changes will have more or less 
offsetting-neteetfects.# Specificsecosts,-yields,.and, prices 
for each of the alternatives evaluated in this study are 


presented elsewhere in this chapter. 


Planning Horizon 


The planning horizon for the analysis of the projects 
considered in this study was set at 40 years. Undoubtedly 
the useful life of the projects will be considerably longer 
than 40 years. A more conservative planning horizon has 
been adopted here partly to account for risk and uncer- 
tainty. As a further adjustment for risk and uncertainty, 
the salvage value of the projects at the end of the 40 years 
has been set at zero.. Although crude and. arbitrary, these 


adjustments seem to be acceptable for practical purposes. 


Discount Rate 


The capital market in Ethiopia is extremely limited. 
Government bond sales are almost nonexistent. The main 
source of long term investment credit in Ethiopia at the 
present time is the Agro-Industrial Development Bank of 
Ethiopia. The Bank's interest rate varies among sectors. 


Industrial loans are charged at higher rates than agricul- 
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tural loans. At present, the Agro-Industrial Bank charges 
10 percent for agricultural loans and 12 percent or more 

for long term industrial loans. Most observers of the 
Ethiopian capital market feel that because of the scarcity 
of capital in the country, an interest rate of around 15 
percent would closely approximate the social opportunity 
EosuuGficap ita WereCconsidering wall thetrelevantefactons!, 
three discount rates, i.e., 10 percent, 12 percent and 15 
percent, were used to obtain three different benefit-cost 
ratios and three net present values for each of the alterna- 


tives analysed. 


Economic Analysis of the Megech 


River Project 


As has already been pointed out, the Megech Project 
involves the development of supplemental irrigation as 
well as the provision of rural water supply both for domes- 
tic and stock use in a representative area of the Ethio- 
pian highlands. The benefits and costs of this project 
are compiled on a "with" and "without" basis. A number of 
alternatives were considered under each of these proposi- 


tions. 


Benefits and Costs "Without" the Project 
Two alternatives were considered to be the most 


probable courses of development in the foreseeable future 
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in the absence of the project in the Megech Project area. 


AweeNltermative ly 

Alternative I assumes the present state of agricul- 
tural technology will continue far into the future with 
very little change. The present subsistence nature of the 
production pattern is expected to remain virtually the same 
over at least the coming 40 years. 

Given the historical trend in agricultural production 
over the past three decades, it is not unrealistic to 
expect that conditions may not improve substantially in the 
project area in the absence of the proposed project. Indeed, 
from the vantage point of a pessimistic observer, this 
alternative would seem to be a reasonable and defensible one. 

To evaluate the merit of this alternative, a farm 
budget was set up using 1970 yieids and prices as well as 
existing crop mixes. The present value of the net social 
benefit that can be expected from the entire project area 
of 5,890 hectares over the next 40 years was then derived. 
Table 6.1 shows the yields, prices and cost of production 
per hectare for the different crops presently cultivated 
and projected to be grown "without" the Megech Project 


under Alternative I. 


B. Alternative II 
The second alternative, which under normal circum- 


stances represents a more reasonabie and more probable 
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TAB Lee oral 


AVERAGE CROP YIELDS, IMPUTED FARM GATE PRICES 

ANDSES TUMAUE OR COS Ober RUOUCTIONGR ERS EGNARE 

ALTERNATIVE I TRADITIONAL PRACTICES "WITHOUT" 
THE MEGECH RIVER PROJECT 


Imputed Estimated 
Average Farm Gate Gost og 
Yield Price Per Production 
Type of Crop 100 kg/ha 100 kg $/ha 


In) 1:97 OE Gh Dol dans 


Barley eres 18 2097 
Maize Fad bile 18 fara @ 
Sorghum 200 20 “ipa ye 
Teff 1 1gR6 28 300.8 
Wheat RIES 24 21972 
Linseed 6.6 735 Allee 
Noogseed 6.0 26 234.4 
Horsebeans I2ea5 15 2i0'1ea5 
Haricotbeans 125.0 28 2052 
Lentils ote) Za, alte 8) 
Fenugreek Apes 25 day Shot’ 
Pepper re 52 245.0 
Potatoes GOR 10 402.5 
Onions 49.1 10 408.7 


SOURCES: Imperial Ethiopian Government, Ministry of 
Agnicu lLtune extension Service, and fF .A.0.., 
"Freedom fron Hunger Campaign: Fertilizer 
Demonstration Program 1969/70" (Unpublished 
Reports —AddiseAbaben n.d.). U.S.D.I., Bureau 
of Reclamation, “Appendix VI. Agriculture 
and Economics," Land and Water Resources of the 
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development in the area in the absence of the project, 
assumes limited technologica! improvement in the pattern 
of agricultural production. It is primarily based on two 
important factors currently at work in Ethiopian agricul- 
ture, namely, the implementation of the "minimum package" 
program by the Ethiopian Ministry of Agriculture, and 
recent political and institutional changes, particularly 
those relating to land reform and regional administration. 
These developments are already beginning to show some 
positive impact on Ethiopian agriculture, and they promise 
even better results in the future. The "minimum package" 
program launched during the Third Five Year Development 
Plan (1968-73) seems to have increased the availability and 
popularity of fertilizer, credit and orderly marketing among 
increasing numbers of peasant producers. As a result of 
this program, the farmers in the proposed project area have 
been exposed to the use of fertilizer and some have even 


| The use of 


started applying fertilizer to their fields. 
fertilizer, along with the use of high yielding crop varie- 
ties increasingly being made available from the various 

agricultural research stations in the country, will likely 


lead to increases in yield and farm income even in the 


absence of the kind of projects envisaged in this study. 


| Imperial Ethiopian Government, Ministry of Agricul- 
ture, Planning and Programming Department and Planning 
Commission Office, “Preliminary Agricultural Investigations 
in the Lake Tana Region" (Unpublished Report, Addis Ababa, 
PeeMGaeeAUGilh. 1o/eoe pe li). 
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In addition, the recently proclaimed land reform 
law and planned improvements in the agricuitural marketing 
system seem to provide the necessary institutional support 
for the development of peasant agriculture in Ethiopia. 

In general, all these factors tend to point in the direc- 
tion of improvements in the pattern of peasant agricultural 
production even without the introduction of the type of 
projects proposed here. Therefore, a more realistic alter- 
native for developments "without" the project should assume 
some technological and institutional change which would 
result in positive changes in yield levels. 

Alternative II differs from Alternative I in that it 
assumes the use of commercial fertilizer, improved seeds, 
and improved cultural practices and a favorable institu- 
tional and political environment. The method of traction, 
the labor intensive character and the mainly subsistence 
orientation of the production pattern are assumed to remain 
fe same. Table 6.2 presents the yields and prices used 
in the evaluation of Alternative II. The results of the 


analysis of both alternatives are presented in Chapter VII. 


Bene fertsinand Costs (With) the Project 

The engineering design of the Megech Project calls 
for the direct pumping of water from the Megech River in 
order to provide water for supplementai irrigation and 
community use. An irrigable area of 5,890 hectares will 


be commanded by the irrigation system and the community 
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Water supply system is designed to provide the daily water 
requirements of over 25,000 people. Energy for the pump- 

ing plant is expected to be obtained from a hydro-plant 

at Bahrdar, about 60 kilometers south of the project area. 

The irrigation system is assumed to be phased-in 
over a ten year period, thus allowing the farmers suffi- 
cient time to adjust to the new system of irrigation farm- 
ing. The irrigated yield levels are also assumed to be 
fully realized by the tenth year. 

Although a relatively long lag period has been 
assumed to bring the entire area under irrigation, the 
land will still be used during the non-irrigation period 
when rainfall is available for crop cultivation. The 
irrigation season will extend from October to the end of 
May, while June through September forms the non-irrigation 
season. 

The cost of establishing and operating the project 
has two major components: project costs and associated 
costs. Each of these cost items will be briefly discussed 


below. 


A. Project Costs 

The project costs include the value of goods and 
services used in establishing, maintaining and operating 
the pumping plant, the distribution and drainage systems, 
the community water supply centers, access roads, and other 


related service facilities such as schools, clinics, 
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administrative centers and community halls. Land develop- 
ment and interest charges during construction are also 
considered part of the project cost. Table 6.3 shows the 
estimated project costs over the 40 year planning period. 
Column (1) of this table gives the planned level of capital 
investment for each of the ten years of project development. 
Annual interest during construction, shown in Column (2) 
Of=lable 6.3% is computed using the following formula ot 


simple interest. 


ee ees) 
2 3 
where I = the annual interest charge, 
K = the annual capital investment, 
re = “the rateron interest, 


the ingerest raten (ay) alised eit this analysis is 10 
percent, which is the level of interest charged by the 
Agro-Industrial Development Bank of Ethiopia on agricul- 
tural loans. 

The annual operation and maintenance cost of the pro- 
ject is) presented in Col Unmmetor & Dhise cost’ covers such 


-outlays as the energy cost required to operate the pumping 


Division by two is necessary because on the average 
only half of the total annual investment is tied up in the 
project over the entire year. 
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plant, wages and salaries of personnel that will operate 
the project, and expenses required for the maintenance and 
up-keep of the project facilities. 

The annual operation and maintenance cost starts at 
E $69,750 in the first year and increase to E $697,500 
in the tenth year, after which time it remains constant for 
the next 30 years (Table 6.3). The projected increase in 
the operation and maintenance cost during the first ten 
years, of course, is closely related to the expansion of 
the project itself. 

Another important item in the project cost is the 
replacement cost. Machines and equipment wear out or break 
down as time goes on. If the project is to produce the 
output it is designed to produce over its planned life 
time, it is essential that machines, equipment and facili- 
ties in general be kept at top operating condition. The 
annual replacement cost is therefore designed to cover the 
cost of repairing or replacing the various machines, equip- 
ment, and related facilities of the project as they wear 
out or break down. 

Typically, replacement costs follow a certain profile. 
They are generally low in the first few years when facili- 
ties are still new, but gradually increase as machines age 
and approach the end of their expected useful life. Replace- 
ment cost is therefore likely to be high when the project 
reaches middle age, gradually declining as the project 


nears its expected life and machines and equipment are 
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allowed to wear out. Column (4) of Table 5.3 depicts the 
estimated annual replacement cost of the project over the 
40 year period. This estimate is based on estimates of 
the life expectancy of the machines and equipment used in 
the project, ots subjective probability of breakdowns and 
wear outs, and the period of time in the life of the pro- 
ject. The replacement cost and the operation and mainten- 
ance cost of the project constitute what is commonly known 
as the recurrent cost of the project. 

The land development cost shown in Column (5) of 
Table 6.3 includes the funds required for leveling the 
farm land to be irrigated, laying out the fields, and putt- 
ing in the supply and drainage ditches. Since equal areas 
of land are expected to be developed in each year of the 
ten year expansion period, the annual land development cost 
stays at E $72,506 throughout. 

Column (6) of Table 6.3 presents the total estimated 
annual project cost. Obviously it is composed of the 
expenditure on capital investment, interest during construc- 
tion, operation and maintenance cost, replacement cost and 
the cost of land development. After the tenth year, how- 
ever, the annual project cost drops down to the cost of 
operation, maintenance, and replacement or the so-called 


recurrent costs of the project. 
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vices other than project costs necessary to produce the 
direct and immediate output of the project. In this 
particular study, the direct cost of agricultural produc- 
tion and on-farm handling and storage constitute the 
associated cost. 

The direct agricultural production costs are typic- 
ally composed of the normal costs of carrying out the 
various farming operations. In Ethiopia, the range of farm- 
ing operations vary crom crop to crop and from region to 
region. The major farming operations in the Megech Project 
area include plowing, seeding, cultivating, crop mainten- 
ance (weeding, nutrient and pesticide application, irriga- 
tion, etc.), harvesting, threshing, on-farm transportation, 
and storage. To arrive at the annual associated cost of 
the project, therefore, the cost of each of these operations 
for each of the types of crops selected to be grown in the 
project area must be carefully estimated. The annual 
associated cost of crop production was estimated using the 


following formula. 


n 
* i Ect a \ 
Ast re Ci it ipeapee 1 ifs Splits t 18 hb 4] l6283 (6 1) 
m 
Cait = ee Ue Goa Pie ee |) Core) 
where Aa = annual associated cost under the jt" farm 


management strategy at year t, 


meter | a) ‘ee 
ata a vs seins apa ' 
aiihord Fanusfuattes pile parapets on 
| | sghs tue tienen, susnata bnaenttbnetumrsyenavbas mold : 
6 Beton betstoeaze 
—egtqud avs adzes wottauhorg (ewitustrgsotostth edt sone © 
:edt tuo pnteviss te 2h200 Tamer 9d Yo bseoqmooyits 
-mrst to s9nay oft petgotd?3 al. .enctieveqa;pnterst 2noliay 
a? soteey mort bos gox2 of Goto mora erewvenotheneqo eek : 
fookay? WoepeM af? at anette sqo entmrs? volem ont -nokeet 
-"s2ntem gov2 ,oatisvhdlus ,gntbes2, -pnkwohg .sbulont sets 
naprtit ptobtaot(qgs ehtoiji2aq bas snsiciun jegathaan) veans 
fot  stvogdnsts -mrat+ro con ideas copat Peavrsh.4 (.o28 , nots : 
te tao0 bod staares Fepons. ada ts avis. et, saqeoes bas 
ano f tego szeqd 40 Aoee to 209 ott _sroteneds: «2ebonqeadt 
opt: ar, worse ‘sd ot botosioe zane to esqur sttteto stosaeno8 
eunns eat badani ses vl futerss ad seum son8 dastorg 
ent paten bessatzes 26M no idouborg qo12 2 t209 basetoozes a 


7 


i 


-_ 


ere. eee 
(ta). : epee gle. ° sed ‘iM. oe ag bet -etage A: “=. 
: ¥ | | 4 rwee v2 7 : ree, 
(8.3) - ae te _ Mee salad es ae pee _ ee 


195 


Crit = sethesper hectare production costof crop 
ij under strategy j at year t, 

n = the number of crops considered optimal 
for the project area under the jt" strategy 
atveyear tt; 

H = = the number of hectares of crop land allo- 
cated to crop i under the gth strategy at 
year t, 

OK Git = the per hectare cost of carrying out farm 
operation k for crop i under strategy j 
at year t, 


m = the number of farm operations under the 


jth farm management strategy. 


~The procedure used in determining the associated costs 
of this project, as can be seen from (6.1) and (6.2) above, 
is somewhat complex. Clearly, different farm management 
strategies and different crop mixes in a given strategy 
can lead to different associated costs and, of course, 
different benefit levels. In view of these considerations, 
three different farm management strategies were specified. 
Subsequently, based on production cost estimates and speci- 
fied resource restraints, an optimum crop mix was developed 
for each strategy using a ten year recursive program. The 
annual associated costs were then computed on the basis of 
the optimal crop mix under each strategy. The figures for 


each type of strategy are presented in Tables 6.4 through 
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CermGrossaDirects Benefia ts 

Estimates of the annual gross direct benefits of the 
Megech pROsece msl ike the annual associated costs, were 
based on the annual optimal crop mix developed for the 
project area under each of the three farm management stra- 
tegies considered. The annual gross direct benefits were 
determined using the average annual yield jievel of each 
crop in the optimal crop mix, the area allocated to each 
crop and the constant 1970 farm gate price for each crop. 
The following general formula was applied in estimating 


the annual direct gross benefits. 


n 
eae - igi eo Sah A Es (6.3) 


where Bit = the direct gross benefit under jth farm 


management strategy at year t, 


Yijt = the average yield of crop i under jth 
strategy at year t, 
Hist = the number of hectares of crop land allo- 


cated to crop i under the optimal plan of 
strategy j at year t, 
Pa = the imputed farm gate price of crop i in 
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The associated costs and direct benefits of the 
Megech Project were estimated under the following three 


farm management strategies. 


1. Strategy I -- Animal Powered Labor Intensive Operation 


This strategy rests on the assumption that heavy 
inputs of labor and animal traction will be used to perform 
the various farm operations. In a sense, this strategy is 
a direct continuation of -the existing Etniopian highland 
farming practices texce ptsfor’therintroddctiongof tirgigation, 
agricultural chemicals, some improved seed and improved 
storage faciiities. 

The types of crops considered under this strategy 
are exactly the same as those considered under alternatives 
"without" the project. Fortunately, improved varieties of 
some of these crops are becoming increasingly available 
from the various agricultural research stations in Ethiopia. 

The merits of this strategy are obvious. The use of 
animal power as a source of traction is an already known 
and viable technology in the project area and in the 
Ethiopian highlands in general. Unlike the other strate- 
gies, which will be discussed shortly, this particular 
strategy does not require the use of relatively expensive, 
imported inputs such as modern machinery and petroleum pro- 
ducts. The level of skill required to operate animal 
powered agriculture is not as complex as that required to 


operate and maintain mechanical power sources. Moreover, 
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because of its high complementarity with the labor input, 

a farm strategy based on animal powered technology would 
offer better employment opportunities relative to those 
strategies based on modern farm machinery. The employment 
generation capacity of ithtils sitrategyais particulaniytsigni- 
ficant for Ethiopia, where the creation of employment 
opportunities for the unemployed and underemployed is a 
matter of great urgency. 

Despite its many advantages, this strategy also has 
some serious shortcomings. Under this strategy large areas 
of potentially productive crop land must be kept under pas- 
ture in order to produce sufficient fodder for the animals. 
As land becomes more scarce due to increases in population, 
tinis system may prove to be an inefficient method of produc- 
ing food. Experience also seems to indicate that yields 
from animal plowed fields are not as high as yields obtained 
from machine plowed fields, other things being equal. It 
is therefore possible that gains from production efficiency 
derived from mechanized agriculture can offset any losses 
in employment and depletion of foreign exchange that may 
be associated with farm mechanization. 

In view of the foregoing statement and realizing that 
the long run solution to the food problem in Ethiopia 
depends, among other things, on the utilization of some 
form of inanimate energy in the production process, two 
other alternative strategies based on mechanized farming 


have been considered. 
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The yields, prices, and production costs used in 
evaluating Strategy I have been itemized in Table 6.4. 
The per hectare production costs for the various crops 
were based on the number of farm operations required and 
the cost of performing each operation. To the operation 
costs were added the cost of supplies such as agricultural 
chemicals, seeds, sacks, and the fixed costs of deprecia- 
tion, interest on investment, and land taxes. The cost of 
irrigation was not included as this was already considered 
ingtne project costs. 

The following recursive program was used to derive 
an optimum crop mix for the Megech Project area under the 


animal powered strategy. 
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where N = number of crop enterprises. 
Rit = net return per hectare of crop i at year t, 
X oe = hectares of crop i at year t, 
Xa¢ = barley at year t, 
Xot = maize at year t, 
X34 =" SOrguum ateyedY ct, 
Xat = teff at year t, 
Xe = wheat at year t, 
Xet = linseed at year t, 
Xo = noogseed at year t, 
Xot = horsebeans at year t, 
Xot = haricotbeans at year t, 
Xi ot = ghentiitl Sagat syedr 6t3 
Xvit = fenugreek at. year t, 
Xiot = pepper at year t, 
X14 34 = potatoes at year t, 
Xiat =eeonlonssateyeanéet 


The land and commodity flexibility coefficients were 
determined exogenously. The land flexibility coefficient 
was based on the assumption made in the study regarding 
the rate of irrigation development in the project area. It 


is to be recalled that in the project plan, 10 percent of 
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the total project land was anticipated to be developed 

each year. Therefore, starting with 589 hectares of irri- 
gated land in the first year, the total area of irrigated 
land will be increased by equal increments each year until 
the entire nndaect area of 5,890 hectares is brought under 
irrigation in the tenth year. The land flexibility con- 
straint, therefore, is designed to reflect this situation. 
The commodity flexibility restraints, on the other hand, 
are based on the estimated rates of change in the consump- 
tion needs of the population of the project area. The co- 
efficients basically reflect the rate at which the staple 
commodities (primarily cereal grains) must be expanded 
annually in order to meet the nutritional requirements of 
the population of the project areas. The initial consump- 
tion requirements of the population of the project areas 
were determined on the basis of estimated least-cost diets 
and average national daily per capita consumption require- 
ments suggested by other studies. | Appropriate lower flexi- 
bility restraints were placed on the staple grains, while 
upper flexibility restraints were imposed on three specific 
commodities, namely, pepper, potatoes, and onions to ensure 
that these commodities were not unduly expanded. A computer 


mode? was subsequently developed and utilized to solve the 


| Carl] F. Miller, et al., Systems Analysis Methods for 
Ethiopian Agriculture; Imperial Ethiopian Government, Inter- 
epartmental Committee on Nutrition for National Defence, 
Ethiopian Nutrition Survey (Addis sAbabasel.&.G.,,september, 
1959). 
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ten year recursive system in one run. A summary of the 
computer printout depicting the optimal ten year crop mix 
and land allocation plan for Strategy I is presented in 
Appendix D.1. 

The annual associated costs and the annual direct 
project benefits under the present farm management strategy 
were then calculated based on the optimal solution obtained 
from the recursive model. Table 6.5 presents the annual 
associated costs and annual direct benefits of the project 
undeme Stratedyele | It 1S ec leane GOONeciihse tab he meundit.sp.0.n 
associated costs and benefits increase during the first ten 
years as the project expands and remain constant for the 
subsequent 30 years, once the irrigation program reaches 


a stable leve. 


2. Strategy II - Semi-Mechanized Operation 


This strategy is based on the assumption that plow- 
ing, threshing and on-farm transportation would be mecha- 
nized while all cther operations will be performed manually. 
(See Appendix C.4 for machinery performance coefficients.) 
This strategy, of course, provides certain definite advant- 
ages. It is still labor intensive; machine power only 
replaces animal power without significantly affecting labor 
employment. It also offers the advantage of more timely 
operation and affords more convenience and ease of opera- 
tion. It is certainly a strategy that seems to have con- 


siderable potential for streamlining Ethiopia's agricultural 
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production system, 

But this strategy also has some serious drawbacks 
compared to Strategy I. It requires considerable foreign 
exchange expenditure both to purchase the machinery and 
compliments ain 8 obtain replacements, spare parts, fuel, 
oil and grease on an ongoing basis. This strategy would 
also require skilled workers such as tractor operators, 
mechanics and machine shop operators to operate and main- 
tain the farm machinery and equipment efficiently. 

These drawbacks do not seem hard to circumvent. Part 
of the output of the project can be exported to pay for the 
needed imports of machinery, equipment and supplies. The 
foreign exchange cost of importing machinery can also be 
met by rearranging national priorities. For instance, more 
machinery can be imported by diverting foreign exchange 
expenditure from private automobiles to the purchase of 
farm machinery. The same goes for the consumption of fuel, 
oil, and grease as well as the purchase of spare parts. As 
far as skilled farm workers are concerned, there are pre- 
sently a sufficient number of technical training institu- 
tions in the country to supply the modest number of skilled 
technicians required to make this strategy feasible. 

limes cropse yields, prices and (cost of productioniper 
hectare for each of the crops considered under Strategy II 
are shown in Table 6.6. As in Strategy I, a ten year recur- 
sive model was utilized to determine the optimum crop mix 


under this strategy. Except for changes in the net return 
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per hectare or the objective function, Strategy II uses 
basically the same model as Strategy I. The solution to 
the model obtained from the computer printout is summa- 
rized in Appendix D.2. The optimal crop mix and land 
allocation plameeteces ted by the model were subsequently 
used as a basis to calculate the annual associated costs 
and annual gross direct benefits. These figures are out- 


lined-in Table 6.7. 


3.@ Strategy III - Fully Mechanized Agriculture 
This strategy should be self-explanatory. It is 


based on the assumption that the agricultural operation in 
the project area is fully mechanized. It assumes that the 
entire operation from initial plowing and seedbed prepara- 
tion to harvesting and storage of the farm product is 
accomplished by fully mechanized units. 

The main advantage of this strategy, of course, is 
a timely, efficient and convenient operation. But it has 
far reaching implications with regard to foreign exchange 
requirements and labor employment. 

The inclusion of this strategy as a limiting case 
among the range of viable farm management strategies for 
the project area is, however, very useful from the stand- 
point of investigating whether or not the social gains in 
production efficiency flowing from mechanized agriculture 
would be sufficient to offset any associated losses in 


employment and foreign exchange. It is with this understand- 
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ing that this strategy is considered. 

The crops, yields, prices and per hectare production 
costs considered under this strategy are shown in Table 6.8. 
As in the preceding two strategies, the optimum crop mix 
and land alloeeien plan for this strategy were derived 
from the optimal solution of a ten year recursive model. 
Again, except for differences in net return per hectare 
which alter the parameters of the objective function, the 
elements of this model are similar to those used in the 
preceding two strategies. The optimal solution of the model 
is summarized in Appendix D.3. The annual associated costs 
and annual direct benefits were then calculated based on 
the optimal land allocation plan and the corresponding 


figures are itemized in Table 6.9. 


Economic Analysis of the Kesem 


River Project 


The South Kesem River area, in the Awash River Basin, 
forms the focus of the second area of investigation. The 
principal reason for including this area in the present 
study is to determine whether the lowlands of Ethiopia 
offer economically viable opportunities for increasing food- 
grain production, expanding employment and enhancing the 
general welfare of the inhabitants of the lowland areas. 

The proposed scheme envisages use of the waters of 


the Kesem River to irrigate about 5,650 hectares of land 
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and also to provide clean water supplies for domestic and 
stock use. The project plan calls for the direct pumping 
of the required quantity of water from the Kesem River us- 
ing diesel water pumps. Although the possibility of using 
electric water annie by drawing electric power from the 
Koka hydro-interconnected grid exists, its feasibility has 
not been investigated because of the unavailability of 
reliable cost estimates at the time this study was done. 
Accordingly, the cost and benefit estimates of Kesem Pro- 
ject, which are outlined below, are based on a diese! 


powered pump irrigation system. 


Peojeqt Gosits 


Among the main construction features considered in 
estimating the project cost are the pumping piant, main 
canals, distribution system, access and farm roads, housing 
foment loyees and settlers, service facilities including 
a school, a clinic, a community center, a workshop, a 
machinery shed and storage facilities. The project is 
intended to be phased in over a ten year period, and the 
economic life of the project is set at 40 years. The 
required annual project outlays, which encompass the capi- 
tal investment outlay, interest charges during construction, 
Operation, maintenance, and replacement costs and tand 
development costs, have been itemized in Table 6.10. 

Unlike the Megech River Project, the analysis of the 


Kesem Project did not include various alternatives. 
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The reasons are inherent in the nature of the Kesem 
River Project area itself. The proposed project area is 
presently used by nomadic pastoralists as part of their 
traditional grazing area within the broader range lands 
of the Middle and Lower Awash Valley. The carrying capa- 
city of the area is extremely low, being estimated at 
between 0.05 to 0.25 head of cattle per hectare. | The 
economic value of the area in its present use is therefore 
quite negligible. 

In view of the extreme scarcity of water, prospects 
for the future development of the area "without" the pro- 
ject seem to be practically nil. The best that can be 
expected in the absence of the project is an indefinite 
continuation of existing grazing activity. “Furthermore. 
alternative forms of farm organization "with" the project 
do not seem to be viable under conditions prevailing in 
the Kesem Project area. Preliminary investigations and the 
experience of commercial farmers in the Awash Valley clearly 
indicate that a semi-mechanized technology rather than 
animal powered or fully mechanized technology seems to be 
the most suitable and appropriate for the area. Accord- 
ingly, the economic analysis of the Kesem River Project was 
based on the assumption of a semi-mechanized technology. 


As the term is used in this study, the semi-mechanized 


C.F. Miller, et al., Systems Analysis Methods for 
Ethiopian Agriculture, p. Sar 
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technology involves the use of mechanized units for plow- 
ing and seedbed preparation as well as threshing and trans- 


portation. 


Associated Costs 

In order to estimate the associated costs of the 
Kesem Project consistent with the assumed farm technology, 
a ten year recursive program incorporating the twelve 
different crops shown in Table 6.11 and the relevant land 
and commodity flexibility constraints was employed. The 
following model was used to derive the optimal crop mix 


and land allocation plan. 
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the number of crop enterprises considered, 
netoreturn per hectare of crop i, at year t, 
hectares of Crop isat year ot, 

barley at year t, 


casterseeds at year t, 
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X34 =sacottonsatdyeartit. 

Xat =POLounanucs edt eved rate 
Xe = maize at year t, 

X et = onions at year t, 

Xo = potatoes at year t, 
Xot = safflower at year t, 
Xot = sorghum at year t, 

Xr ot = soybeans at year t, 
Xiit sae tOtn at. year U, 

Xyo¢ = wheat at year ¢t. 


As for the Megech Project, the land and commodity 
flexibility coefficients of the Kesem Project were deter- 
mined exogenously. The land flexibility coefficient is 
designed to reflect the annual rate at which land develop- 
ment should proceed so that the entire project area can be 
developed in ten years. The commodity flexibility coeffi- 
cients are set at levels that will ensure that at least 
some minimum quantity of the staple commodities will be 
produced and non-essential commodities cannot be expanded 
without any restrictions. In the latter case, maximum 
constraints are imposed on certain cash crops so that their 
rate of expansion cannot be larger than market limitations 
and traditional farmers' reluctance to expand into such 


crops would allow. It should be emphasized that these 
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restraints are partly based on the author's assessment of 
historical factors that have shaped the pattern of agricul- 
tural production in Ethiopia and the likely influences of 
these factors on production patterns in the project area. 
The cropping patterns suggested by the optimal solution of 
the program are summarized in Appendix D.4. 

The optimal crop mix and land allocation plan derived 
from the foregoing model were subsequently used in the 
estimation of the associated costs of the Kesem Project. 
The following formula was employed to estimate the annual 


associated costs. 


N 
A. = ve Ci wHo es BME oeoeg Al 
where A. = associated cost at year *, 
Cit = per hectare production cost of crop i 
dw VedGeu, 
Hay = number of hectares allocated to crop i 
he IGA TR 6 
N = the number of crops in the optimal plan 
in year t, 
T = the planning horizon. 


Annual associated costs were estimated for each year of 
the entire planning horizon and the estimates obtained are 


itemized in Table 6.12. 
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Gross Direct Benefits 

Like the annual associated costs, the gross annual 
direct benefits of the Kesem Project are also calculated 
on the basis of the optimal crop mix and land allocation 
plan derived from the recursive program. The following 


formula was employed in making the benefit estimates. 


N 
Bia= Hi PROVEN, FS ONEHY WAST 
where By = the gross annual direct benefit at year t, 
P. =-bihe UNLEADYICGLOLACrOD JininNeul 2/0 dollars. 
re =arthenyreldetevet@torfecrop aat®yeary te 
Hey = the number of hectares allocated to crop i 
in the optimal plan of year t, 
N = the number of crop enterprises in the 
optimal crop mix, 
E = the planning horizon. 


The estimated annual benefits extending over the entire 
economic life of the project are detailed in Table 6.12. 

In conclusion, this chapter has described the empiri- 
cal procedures and has outlined the data employed in the 
economic analysis of the proposed Megech and Kesem River 
Projects. The following chapter will attempt to summarize 


the results of the empirical analysis. 
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CHAPTER VII 


RESULTS OF EMPIRICAL ANALYSIS AND 
POLICY IMPLICATIONS 


The empirical analysis described in the preceding 
chapter was conducted in an effort to answer some of the 
fundamental questions raised in this SCUCY 2m inem ta isit 
question the analysis sought to answer was whether the two 
projects proposed in this study were economically and finan- 
cially feasible. Secondly, it attempted to determine 
whether the kind of public investment program suggested 
in this study shows a good prospect of materially contribut- 
ing to the expansion of food production and employment in 
ae Oe, This chapter summarizes the important results 
of the empirical analysis. In particular, it presents the 
economic and financial feasibility of the proposed projects 
and their likely impact on food production and empioyment. 
It also outlines the important policy implications of the 


study. 


Results of Economic Analysis 


The principal purpose of economic feasibility analysis 
is to determine whether the overall socia! benefits of a 


project outweigh the total social costs. An equally import- 
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ant aspect of economic feasibility analysis is the ranking 
of various projects according to a certain widely accepted 
eritertontoreset ofscriteritat 

Depending on specific circumstances, project selec- 
tion criteria can be chosen from a wide range of economic 
desirability indicators. Which criterion or set of criteria 
are chosen often depends, among other things, on the speci- 
fic factors of production that are considered most limit- 
ing. However, unless the projects being ranked are fairly 
well standardized with respect to capital requirements, 
planning horizon and possible reinvestment of earnings, 
different criteria may give different rankings and hence 
may lead to different conclusions. | 

In this study, both projects have reasonably close 

Capital requirements, and their planning horizons and 
reinvestment patterns are essentially the same. Hence, 
assuming that investment capital is the most limiting factor 
in Ethiopia, the following investment criteria were 
selected for ranking the projects: 

1. The present discounted value of net benefit, 

CemeCa Dene iit «COS tetata Osean 


3 i Thevinternal rate of return. 


Otto Eckstein, Water Resource Development: The 
Economics.of Project.EValuations ypp..93-69: sands beds oNishan, 


Cost-Benefit Analysis, pp. 181-226. 
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The Present Discounted Value of Net Benefits (PVNB 

This criterion can be used both for determining the 
optimum scale of a single project and for ranking several 
projects that compete for a given level of capital outlay. 
This criterion was applied to the two projects analyzed in 
chisestudyeand thesresult: TsssShowneinilaplew7. Lee Asecan 
be noted from the table, three discount rates were used. 
According to the results obtained, the Kesem River Project 
seems to have a clear edge over the Megech River Project 
under comparable levels of technology. The Kesem River 
Project, under semi-mechanized technology and at a discount 
rate of 10 percent, shows a present discounted net benefit 
of E $22.1 million, while under corresponding technology 
and discount rate, the Megech Project has a present dis- 
counted net benefit of E $8.9 million. At 15 percents the 
present discounted net benefits decline to E $8.6 million 
and E $1.2 million, respectively. It is interesting to 
note that under the animal powered technology, the Megech 
River Project ceases to be economically feasible at discount 


rates higher than 11 percent. 


The Benefit-Cost Ratio 

The benefit-cost ratio criterion attempts to compare 
and rank projects on the basis of their benefit-cost ratios. 
Fecording toethisacriterion, eprojectsawitheratlvse grea cer 
than one are economically feasible and hence eligible for 


construction. Of the eligible projects, those with rela- 
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TAB ER 7221 


PRESENT VALUE. OE@N Ede BENE IT Sa 0 ls COUNTED 
AlgeLOSPERGENT at cmp eRCEN SAN Dat Su LeRC ENT) 
MEGECH AND KESEM PROJECTS 


Present Discounted Value 
of Net Benefits 


Projects 10% 12% 15% 
CinmnQ00no tlio /70eGuneeDoldiars)) 


Megech River Project 
Strategy I - Animal 


Powered Operation abe To hey -741.87 aus APeey Ay 
Strategy II - Semi- 

Mechanized Operation Oe O04oS Oe UO Zz eee 4. 
Strategy 1 Pl = Pud ly 

Mechanized Operation Tyo lteo4 4,186.96 998. 


Kesem Project 


Semi-Mechanized 
Operation Bde MMV PLS 132960298 8,608. 


SOURCE: Computed by author. 
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tively higher ratios are preferred to those with lower 
ratios, other things being equal. 

When applying this criterion to the proposed projects, 
a result consistent with that of the present value criterion 
discussed earlier was obtained. The benefit-cost ratio 
criterion also ranked the Kesem Project first and the Megech 
Project second (Table 7.2). Under the semi-mechanized 
technology and 10 percent discount rate, the Megech Project 
had a benefit-cost ratio of 1.6, while the Kesem Project 
showed a markedly higher ratio of 2.7. As is to be expected, 
the benefit-cost ratios of both projects declined as the 


discount rate increased from 10 percent to 15 percent. 


The Internal Rate of Return 

The internal rate of return is defined as that rate 
of discount that equates the present value of project out- 
lays with project benefits. In other words, it is the dis- 
count rate that reduces the present discounted value of net 
benefits to zero. This criterion ranks projects in accord- 
ance with the magnitude of their positive internal rate of 
RevuUrnaa—A-—project.15—consadered—e.).1.g1-D-4.e—For—consaructaon 
if its internal rate of return is greater than its oppor- 
tunity rate of return or some other pre-specified rate. 

Internal rates of return were computed for both pro- 
jects and the results are shown in Column 3 of Table 7.2. 
As expected, this criterion, like the preceding two criteria, 


ranks the Kesem Project above the Megech Project. It is 
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ABUSE 2 


BENEFIT-COST RATIOS AND INTERNAL RATES OF 


RETURN, MEGECH AND KESEM RIVER PROJECTS 


Projects 


Megech RavertProject 


Strategy I - Animal 
Powered Operation 


Strategy II - Semi- 
Mechanized Operation 


Strategytilio= Fudly 
Mechanized Operation 


Kesem River Project 


Semi-Mechanized 
Operation 


Benefit-Cost Ratio 


at*Different@Dis= Internal 

count Rates Rate of 
Return 

10% 12% 15% (ey) 

‘zat 0.9 0.8 11 

led 1.4 1.1 iz 

15 bans Teo 15 

Lees Zins eg 2/ 


SOURCE: Computed by author. 
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further noted that under comparable technological alterna- 
DiVves;moOLHEDEOTeCts show attractive ratessof meturmn ——27 
percent and 17 percent, respectively. These rates of 
return, of course, compare rather favorably with the 10 
percent rate of interest currently charged by the Agro- 


Industrial Bank of Ethiopia on agricultural loans. 


Sensitivity Analysis 


The sensitivity of the results with respect to the 
discount rate was formerly evaluated when varying discount 
rates were used to determine the present value of net bene- 
fits and the benefit-cost ratios. Both projects show very 
little sensitivity to changes in the discount rate between 
10 and 15 percent. The discount rate must rise to 27 per- 
cent for the Kesem Project to show a benefit-cost ratio of 
1 or a net present value of zero. The corresponding dis- 
count rate for the Megech Project is 17 percent. Therefore, 
as long as the social rate of time preference or the oppor- 
tunity rate of return on social capital is less than the 
respective rates shown above, both projects will be socially 
profitable. 

The sensitivity of the results with respect to changes 
in either estimated costs or estimated benefits was analyzed 
under the following three assumptions: 

1. Actual annual benefits assumed to be 35 percent 

less than projected, costs remaining the same. 


2, Actual annual costs assumed to be 35 percent 
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higher than projected, benefits remaining the 
same. 
3. Actual annual costs assumed to increase by 20 

percent and benefits to decrease by 15 percent 

of projected levels. 
The sensitivity of both projects to the above assumed 
changes was tested using a discount rate of 10 percent. The 
Kesem Project showed a benefit-cost ratio of 1.8 under 
assumption (1), but the ratio increased to 2.0 when assump- 
tion (2) was invoked. A ratio of 1.9 was achieved under 
assumption (3). In general, however, it takes a decrease 
of around 60 percent in estimated benefits or an increase 
of about 171 percent in estimated costs for the Kesem Pro- 
HectmetotshoweaeBb/Coratio of sl. sin more practical terms, 
this means that either estimated yields or product prices, 
other factors remaining the same, must decline by over 60 
percent for the Kesem Project not to be socially profitable. 

The Megech River Project, however, is more sensitive 

than the Kesem Project with regard to unfavorable benefit 
and cost outcomes. It shows a benefit-cost ratio of 
Slightly overel ‘under assumption (1), but the ratio rises 
to 1.2 when assumption (2) is invoked. Under assumption 
(3), the Megech River Project shows a benefit-cost ratio 
of 1.1. Either estimated costs must increase by around 58 
percent or estimated benefits must decrease by about 36 per- 
cent for the Megech Project to show a benefit-cost ratio of 


less than 1. Therefore, other things remaining constant, 
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the Megech Project will remain socially profitable as long 
as either estimated yields or product prices do not drop 
by more than 36 percent or input prices do not rise by 
more than 58 percent above the projected values. 

So far the discussion has concentrated on the direct 
benefits of the prospective projects. But these projects 
do have secondary and spin-off benefits that should be 


considered. These will now be briefly examined. 


REPercusstonget facts 
Although the two projects are likely to have the same 


pattern of repercussion effects on the economy, the magni- 
tude of these affects will, of course, be different depend- 
ing on the relative size and location of the projects. The 
scope of this study did not allow a comprehensive analysis 
of these effects, but it seems in order to comment generally 
upon their possible magnitude and direction. 

To begin with, the repercussion effects flowing from 
these two projects may be felt either through or outside 
the market. While some kind of market values may be 
obfainedadi rectly .oriindinectiveforgmany yon ethesesetfects , 
others have to be evaluated on the basis of qualitative 
information. Under these circumstances, the analysis does 
tend to be influenced by value judgments, but despite this 
danger of bias, whatever little light one may shed on this 
issue would seem to be of value to the policy decision- 


maker. 
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Four major areas of repercussion effects were con- 
sidered particularly worthy of discussion in this study. 
These include inter-industry impact or, more technically, 
household consumption and business multiplier effects, 
capital accumulation through reinvestment of earnings, 
effect on balance of payments, and a wide range of extra- 


market costs and benefits. 


A. Inter-Industry Impact 


Short of employing a formal input-output model, it 
is not possible to fully assess the inter-industry impact 
of these projects. Since there is no input-output table 
developed for Ethiopia, and it is beyond the scope of this 
study to develop one, a very crude approach is used here to 
arrive at some indication of the inter-industry impact of 
the projects. 

Lrtulctively, blots Clear» tnat projgects= Ol tie: sore 
suggested in this study will have impacts on a wide range 
of industries. The magnitude of the impact, however, is 
likely to be more discernable only among certain kinds of 
industries. Obviously, the impact will likely be more 
direct and measurable on those industries that supply goods 
and services to the projects and those that process and 
market ‘the’ projects*= outputs.” These’ industries* will” exper’ - 
ence increased activity as a result of doing business with 
the projects; therefore, the additional income that these 


industries generate as a result of doing business with the 
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new projects constitutes a direct spin-off from the pro- 
sects. 

In conventional benefit-cost terminology, this kind 
of spin-off falls within the bounds of secondary benefits. 
As already pointed out elsewhere, secondary benefits may 
be classified into two categories: (1) secondary benefits 
induced by the project, and (2) secondary benefits stemming 
from the project. Induced benefits are the added values 
or net profits generated by firms and industries that supply 
production inputs and consumer goods to the project and pro- 
ject employees, respectively. Secondary benefits stemming 
from the project, on the other hand, are the added values 
generated by the firms and industries that process, trans- 
port, and market the projects! outputs. 

Quantitative estimates of secondary benefits are, 
however, difficuit to establish in the absence of complete 
and detailed data regarding inter-industry flows of goods 
and services. Despite such limitations, it seems desirable 
to provide some rough idea of the magnitude of secondary 
benefits that may be expected from the proposed projects. 
Accordingly, some crude indirect benefit factors were used 
to estimate the secondary benefits. Assuming the long term 
profits of both the supply and processing industries in 
Ethiopia to be in the neighbourhood of 5 percent, the Kesem 
Project will generate approximately E $177,000 in induced 
benefits and about E $311,000 in stemming from benefits, 


or a total secondary benefit of approximately E $488,000. 


wate area cere et 
bata. ets. 

.2sttened, yrsbnowsesto @ 
vem aditensd, yrabnoose. ,ovedweal a. 


etitened- ysaboogse: (1): s2ehsogets2 owt sank nena 


entumete 2tFtoned -ysebooIe2 48) bas penageibainctnee 
saulev bobbs ev? ove 27tiened beoubal. .tostotqzadt #0? | 
yigque stadt estyzeubat Das amir? vd besevensp tee 
-ovg bis soetorg ad? of. aboog Femu Saoo bre, etuqnt sottouborg 
pntamete. at ttoned. erednos22. elev itasqzss;2seuoi qua, t99b 
zoylsv bebbs- edt ove) ebasd’ 19d20. p09 no, «?astorvaceizemor? 
esaend arsvonq-deddszetaseubat, bes, amv id odd ds Dod ovenee 
ey foe et es De eee ‘asoahorg. odd todrsm kas. . F900 
.o16 pt PPeded. uvebnoos2: Va: gotsmhtes ovtteetsasuPerers: 
otafamos to osnaeds “add nt datidsd2s 03 -poyoh Ted sy revewod 
sboop. ¥o ewol? urtaubodnporpl ontbrsgetsaaee, belfsteb bas 


aldextasb:emoes th eanottarbmil dover edt aest: peop heed Pee 


vusbodses Yovsbudtngsm edd to babt.dpuot. moe ebtwoma’ ae 
.adastorg: bezeqotg, 942..mos -bod2egN® Od2 45m: deda. adh rened 
boew ouow esodpet: ¢tteasd, 2oevtbat ebvt2-9mo2 eX 
nead enol odd. paimwezd .2tttened wrshngnse. oft: ojautseargs 
‘at eotaseubnd entecsporasbas, xiague, sit) dod ro) at hton9 


mazes off etneoteq @-%e bovdswodagten- odd gad. of stgonasa. 
baoubat ab 000,T0he 3 “fedemtxorgas. sievensp. [ftw aooon4 
baie beseinsescicheanioie hone ye e2tt90ed : 


239 


The Megech Project, on the other hand, will show an esti- 
mated E $112,000 in induced benefits and E $292,000 in 
stemming from benefits, or a total secondary benefit of 
approximately E $404,000. Although one should not attach 
too much importance to the above figures, it is nevertheless 
intuitively clear that in an underdeveloped country like 
Ethiopia a new investment of the kind considered here will 


have significant secondary benefits. 


B. Capital Accumulation 


Another important repercussion effect of the invest- 
ment projects considered in this study is their potential 
GOULEUDUCTONS tO, capital #formation /inrethtopiata /inragcountry 
where there is a dearth of agricultural capital, any project 
that can generate reinvestable funds can be of great assist- 
ance to agricultural and economic development. 

The potential capacity of the two projects for gene- 
rating reinvestable funds seems to be considerable. A close 
examination of the revenue patterns of the projects indi- 
cates that the Kesem Project can generate up to a maximum 
of approximately E $5.2 million annually after 11 years of 
Operation, while the Megech Project can contribute up to a 
maximum of E $3.6 million annually after 14 years of opera- 


] 


tion These estimates, of course, assume that all the 


| The number of years specified refers to the time 
period required by the projects to show positive net pre- 
sent value of benefits when discounted at 10 percent. 
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annual net benefits generated by each project would be 
potentially available for investment. To realize this 
potential, however, it would be necessary to institute 
appropriate policy instruments specifically designed for 
mobilizing and channelling these funds into productive 


investment. 


C. Effect on Balance of Payments 


The implementation of either of the proposed projects 
will certainly require a considerable amount of imported 
inputs. According to present project plans, a considerable 
portion of the construction materials, all of the machinery 
and complements, fuel, and agricultural chemicals required 
for anticipated project operation must be imported from 
abroad. Since foreign exchange is a limiting factor in 
Ethiopia, it is essential to carefully appraise the foreign 
exchange requirements of both projects and suggest some 
means by wnich the needed foreign exchange may be raised. 

The estimated average annual foreign exchange require- 
ments of the two projects are shown in Table 7.3. Under 
the assumption of a semi-mechanized technology, the Megech 
Project will require about E $945,000 worth of imported 
capital yearly, while the Kesem Project's annual requirement 
would amount to approximately E $1.9 million. 

The required level of foreign exchange can be allo- 
cated to the projects from the available annual foreign 


exchange earnings or part of the projects’ output can be 
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ESTIMATED ANNUAL FOREIGN EXCHANGE REQUIRE- 
MENTS OF MEGECH AND KESEM PROJECTS 


te 
a 


Percent of Annual 


Amount of Foreign Gross Output 
' Exchange Required Required to Pay 
Project Per Annum for Imports 


(In "000 of 1970 5Eth a Dollars) 


Megech Project 


Strategy I 547.76 16.5 
BeEGacegy: I 964.97 ra A!) 
Strategy «lI! 2,407 92 39.2 


Improved Practices 
Without Project 304.63 1280 


Kesem Project 


Semi-Mechanized 
Operation 1,899.66 34.7 


Note: Column (2) computed on the basis of the 1970 
jetexchange raters dEe ef 000 eeauas. eh0240. 


Column (3) percentage based on output level after 
full development. 


SOURCE: Computed by author. 
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exported to pay for the required imports. If the latter 
policy is adopted, the Megech Project will need to export 
approximately 22 percent of its annual output, while the 
Kesem Project will have to export as much as 35 percent of 
its gross annual output (Table 7.3). Although the projects 
do have the potential to pay for the needed foreign exchange 
expenditures and even raise additional foreign exchange, 
domestic food requirements would probably dictate that the 
projects output be directed towards the substitution of 

food imports. Annual expenditure on food imports averaged 


around®E’©$24.8 millfton between 1969°and°1972' 


and the 
trend appeared to be upward. 

It must, nevertheless, be pointed out that the foreign 
exchange requirements of these projects may be less than 
estimated if a serious effort is made to use locally pro- 
duced materials as long as reasonable substitutes are avail- 
able or can be made available on request. In some cases, a 
very careful survey of the local markets may reveal the 
availability of adequate domestic substitutes for certain 
imports, at other instances, it may be possible to induce 
domestic firms to produce and supply certain materials that 
they do not normally produce for lack of markets. On the 


whole, therefore, efforts to minimize the foreign exchange 


requirements of these projects must be an integral part of 
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project operation. 


D. Extramarket Costs and Benefits 

Besides the tangible and measureable repercussion 
effects, both projects also involve intangible costs and 
benefits.eqgihetsizepoftsuchecostsmand benefitsacannot be 
measured in monetary terms, but their impact on the welfare 
of the society and the participants of the project in parti- 
cular is as real as those for which market values exist. 
Therefore, it seems desirable to give consideration to 
extramarket costs and benefits. This section attempts to 
enumerate briefly the most important extramarket costs and 


benefits that may result from the proposed projects. 


1.» Extramarket Costs 

These include the potential disutilities and disameni- 
ties that society at large incurs as a direct result of the 
creation of the proposed projects. Two types of extra- 
market costs appear to be of vital importance in connection 
with these projects: (1) the environmental hazards of the 
spread of diseases associated with irrigation in a warm 
climate (for example, malaria and schiztosomiasis), and 
(2) the disruption of the participants' traditional way of 
life. 

The widespread availability of water in a hitherto 
dry area is likely to aid the spread of waterborne diseases. 


Diseases that thrive best in warm wet areas such as malaria 
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and schiztosomiasis represent a major health hazard in 
irrigated regions of the tropics. Unless a vigorous 
environmentmental health program is launched along with 
the implementation of the projects, disasterous health 
problems could arise primarily from these sources. 

An equally important concern is the social cost 
associated with the disruption of the traditional way of 
life of the project participants. Some dislocation of 
community life would be unavoidable during the period of 
adjustment to the new way of life. However, in order to 
minimize such costs and ensure the success of the program, 
it seems essential to give the participating farmers suffi- 
cient opportunity to be involved in the planning and 
decision-making process from the very start of the program. 
A serious effort should also be made to make the transition 


as smooth as possible. 


2. Extramarket Benefits 

Extramarket benefits, of course, refer to certain 
recognizable and discernable utilities and amenities that 
the project participants and the wider community may enjoy 
as a result of the establishment of the projects. Such 
benefits are likely to be of a wide ranging nature. Perhaps 
first and foremost is the augmentation of the national food 
supply which either or both of these projects make possible. 
The insurance against drought that the projects provide in 


a country where significant portions of the geographic area 
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have a history of recurrent droughts and crop failures can 
be extremely important. Closely tied to this fact are 
the social benefits that could flow from reduced incidence 
of certain waterborne diseases and increased productivity 
as a result of provision of clean community water supplies 
both for household use and livestock consumption. 
Extramarket benefits are also likely to accrue to 
project participants in terms of prospects for better and 
improved community life, building a strong foundation for 
future industrial growth and improved amenities in the 


areas of health, education and cultural activities. 


Results of Financial Analysis 


While economic analysis is concerned with the overail 
evaluation of benefits and costs and the relative position 
of the particular project in the economy as a whole, finan- 
cial analysis has the more restricted purpose of determin- 
ing whether the expected annual revenues from the project 
will be sufficient to cover the corresponding annual expendi- 
tures. The methods of project financing and cost repayment 
are also closely associated with financial analysis. Al- 
though it has been assumed that the proposed projects will 
be publicly financed, it should be pointed out that the 
method of financing adopted by the government could have 


different impacts on the economy. 
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Comparison of Annual Revenue and Outlay 


The key question in financial analysis is whether 
sufficient revenue can be raised to cover the costs of the 
project. Intimately connected with this concept are the 
questions of whether or not the project cost is to be 
reimbursed and if so, how much of it is to be repayed, who 
should pay and how and when is the repayment to be collected. 

A comparison of the annual revenues and annual outlays 
of the two projects proposed in this study indicates that 
the Kesem Project will require five years for annual 
revenues to exceed annual outlays, while the Megech Project 
would require six years. Annual outlays in this particular 
instance include both project and associated costs. Inter- 
estingly enough, revenues exceed operating costs (i.e., 
operation maintenance, replacement and production costs) 
Fight .fromythe very first year of operation for both projects: 

The repayment capacity of both projects was examined 
USand=discoumtedycash flow analysts. 8At “aed1scount ratevor 
10 percent, the Kesem Project can pay-off all the accumu- 
lated investment costs in 1] years while the Megech Project 
would require a pay-off time of 14 years provided that the 
semi-mechanized strategy is adopted (Table 7.4). 

Based on their capacity to generate revenue, both 
projects demonstrated that they have the capability to 
repay the capital investment and accrued interest at 10 per- 
Centeineaereasonably short period, of time.) ints analysis, 


of course, assumes that all of the net operating revenue 
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TABLE 7.4 


RESULTS OF CASH FLOW ANALYSIS, MEGECH 


AND KESEM RIVER PROJECTS 


Projects 


Megech River Project 


Strategy I - Animal 
Powered Qperation 


Strategy II - Semi- 
Mechanized Operation 


Strategy III - Fully 
Mechanized Operation 
Kesem River Project 


Semi-Mechanized 
Operation 


— 


Number of Years 
Required for Annual Pay-Off Period 


Revenue to Exceed at 10% Dis- 
Annual Outlay count Rate 
rf 26 
6 14 
6 15 
5 Te 


SOURCE: Computed by author. 
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will be applied toward the repayment of the project costs. 
This assumption is valid since family living allowances 
have already been accounted for in the associated costs. 
If, however, this stringent requirement is relaxed so that 
repayment will be shared by indirect beneficiaries, full 


repayment can be made in an even shorter period of time. 


Methods of Financing the Projects 

These projects are expected to be financed from public 
revenue. But a detailed examination of the wide range of 
public financing techniques and their probable impacts on 
Ethiopia's economy as a whole are beyond the scope of this 
study. Nevertheless, it seems necessary to allude briefly 
to the most important methods available to the SEN A aM 
government to finance the proposed projects. 

HoBbegin with, 1 & Ts *important®toemake =a drstinction 
between the foreign exchange portion and the domestic por- 
tion of the financing problem. Although the initial foreign 
exchange expenditures required by the proposed projects are 
expected to come from either uncommitted earnings or funds 
diverted from other low priority imports, loans or assist- 
ance from foreign sources including government, private and 
multilateral agencies may provide alternative sources of 
foreign exchange. However, long run self-sufficiency in 
foreign exchange would require that the crop plan include 
exportables or import substitutes. 


The purely domestic portion of the financing, of 
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course, must be raised from domestic sources. Normally 
governments have three major avenues of raising funds for 
financing public projects, namely, issuing bonds, borrowing 
from the national bank or credit creation, and general tax 
Gevenues = Under Ethiopian conditions, issuing bonds to nin= 
ance the proposed projects does not seem to be a viable 
method primarily because the capital market is not yet well 
developed. The government is, therefore, left with only two 
choices. They can either borrow from the national bank and 
hence resort to deficit financing or make budgetary appropria- 
tions from general tax revenues to finance the project. 

Which of these two methods is preferable depends, among 

other things, on the state of the economy at the time the 
expenditure is made. Under conditions of general unemploy- 
ment and depressed prices, deficit financing has a decided 
advantage. Since the projects are expected to be small reia- 
tive to the economy and their impact on the general level of 
prices is expected to be limited, financing through credit 
creation is likely to have a favorable impact on the economy 
as a whole. On the contrary, if at the time of implementa- 
tion of the projects the economy is experiencing inflationary 
situations the necessary funds must be appropriated to the 
projects from general tax revenues. Direct user charges or 
special taxes may be levied to recoup the investment costs. 
But the relative social and administrative merits of these 
and possibly other repayment methods must be carefully 


assessed before they are implemented. 
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Impact of the Two Projects on Foodgrain 


Production and Labor Employment 


One of the objectives of this study was to evaluate 
the impact of public investment in agricultural water deve- 
lopment in Ethiopia on foodgrain production and employment. 
The impacts of the projects on these parameters have been 
carefully analyzed and the results of the analysis are pre- 
sented below. 

Poieci..e:1 Coll Smimpomtantmtompol litaoutethatwacconaing 
to the results of the economic analysis discussed earlier 
in this chapter, both projects are economically viable. 

The Kesem Project shows a potential internal rate of return 
of 27 percent over 40 years, while the Megech Project has 

a potential internal yield of 17 percent over the same 
planning horizon. These rates of return are significantly 
higher than the assumed social opportunity rate of return 
of 10 percent per annum. Hence it can be safely concluded 
that investment in agricultural water development does have 
a significant potential for yielding social rates of return 
that are fairly competitive with returns from investments 
in other sectors of the Ethiopian economy. 

Second, these projects also show a favorable impact 
on both foodgrain production and labor employment. An 
examination of Table 7.5 reveals that the Kesem River Pro- 
ject has the potential of increasing annual foodgrain pro- 
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Vepresentssaanet addition tome thionia's. food supply, as 

the Kesem Project area is not expected to produce food- 
grains without the project. The Megech River Project, on 
the other hand, has the capability for producing up to 
22,975 tons of foodgrains annually (under the semi-mecha- 
nized operation), which compares rather favorably with the 
estimated present annual output of 5,772 tons or the 11,367 
tons expected to be produced annually under improved prac- 
tices without the project. It is therefore evident that 
investment in agricultural water development in Ethiopia 
has a definite potential for significantly increasing food- 
Oraineprocuction. 

As regards the employment generating capacity of 
these projects, the figures in Table 7.6 show that poten- 
tial employment with the projects is appreciably larger 
than employment conditions without the projects. More 
specifically, the Kesem Project is expected to provide job 
opportunities for 4,499 in an area that does not support 
more than 500 workers in its present or foreseeable use 
Without the project. In contnast,ithesMegech River Project 
area presently employs about 3,461 agricultural workers; 
but this number can increase to about 4,493 if improved 
practices without the project are adopted. With the pro- 
ject, under the semi-mechanized operation, the employment 
level would increase to 4,672 workers. The induced employ- 
ment effect in the processing and marketing sectors have 


not been assessed because of lack of data, but some increase 
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TABLE 7.6 


EMPLOYMENT GENERATION POTENTIAL OF MEGECH 
AND KESEM RIVER PROJECTS 


a a a 


Number of Number of 
Total Number Unskilled Skilled 
Projects of Workers Workers Workers 


Megech River Project 


Strategy I - Animal 
Powered Operation 4,692 4,458 234 


Strategy II - Semi- 
Mechanized Operation 4,672 4,065 607 


SOAS 104 = Te iilaiNy 
Mechanized Operation Was} 134 toes) 


Employment Without 
Megech Project 


Traditional Practices 3,461 3,461 -- 
Improved Practices 4,493 4,358 135 
Kesem River Project 

Semi-Mechanized 


Operation : 4,499 So 4 585 


Note: The total number of workers required by the projects 
is estimated according to the following formula: 


ea i=1,...5N3;  j=l,...5M; 
te ee Cute 

i=1 j=] J kale Ss eee. Ay 
where: a = the total number of workers required 


by project k under strategy r after 
full development, 


ie. = labor requirement of the ith farm 
operation, per hectare of crop j in 
the kth project area under the rth 
strategy (in number of workers per 


year), 
eye = the number of hectares allocated to 
J crop j in the kth project area under 


the rth strategy after full deve- 
lopment, 


BT = the number of administrative, pro- 
fessional, clerical, technical and 
service personnel required by project 
k under the rth strategy, 


N = the number of farm operations per 
crop planted, 

M = the number of crops in the optimal 
crop mix, 

S = the number of projects considered, 

V = the number of strategies specified 


for each project. 
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in employment can justifiably be expected in these sectors 
as more labor would be required to handle the anticipated 
increase in output. These results, therefore, clearly 
indicate that both projects display very interesting poten- 
tials for rural employment generation. 

In the final analysis, while it is imprudent to con- 
clude on the basis of this study alone that investment in 
water development is the answer to Ethiopia's food and 
unemployment problems, the facts as analyzed in this study 
suggest that investment in this area promises to be a very 
viable and attractive alternative. From the available 
evidence, it is clear that the twin economic problems con- 
fronting Ethiopia -- food and unemployment -- can be success- 
fully tackled through a water oriented investment policy. 
Hence water development deserves closer attention from 
economic planners and policy-makers than it has received 


in the past. 


Policy Implications of the Study 


Although one should guard against broad and unwar- 
ranted generalizations, there is no doubt that some interest- 
ing policy implications emerge from the present study. 

Given the fact that increases in foodgrain production must 
come either from increasing yields per hectare or from 
expanding cultivated area, or both, substantial advance in 


either of these directions does not seem possible in 
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Ethiopia without sizable investment in water development. 
The present study provides evidence, admittedly limited, 
but nevertheless sufficient, to indicate that well planned 
and properly implemented agricultural water development 
schemes can markedly increase yields and enable expansion 
of cultivated area in both the highland and lowland regions 
of Ethiopia. The study, therefore, clearly suggests the 
direction agricultural development policy should take in 
Ethiopia. 

The first implication of the present study is that 
agricultural and rural development policy in Ethiopia should 
take water development much more seriously than in the past. 
In this respect, not only should government investment 
policy emphasize irrigation and rural water supply develop- 
ment but incentives and various forms of inducement should 
be provided to private groups to conserve, develop, and 
efficiently manage the watersheds in which they live. The 
policy should further stress the conjuctive development 
and use of ground and surface water sources whenever such 
development is deemed feasible and rational. 

The second policy implication involves the usefulness 
and applicability of the concept of multiple objective 
planning to the design and development of water resources 
in Ethiopia. The present study has illustrated that the 
twin objectives of increasing food production and generat- 
ing employment are compatible enough to be successfully 


pursued through a single investment program. Likewise, it 
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has shown that community water supply development can be 
satisfactorily combined with irrigation schemes. Consequ- 
ently, it is possible that future agricultural and rural 
development policies in Ethiopia can benefit significantly 
from the application of the concept of multiple objective 
planning. The application of this concept in water project 
appraisal can help reduce the duplication of effort and 
wastage of scarce resources that may accompany projects 
designed in pursuit of a single objective when the situation 
lends itself to multiple objective planning. 

The third and final implication of the study is that 
with proper planning and investment, Ethiopia has the oppor- 
tunity to use her water resource endowment as a leading 
source of economic growth. Ethiopia can generate economic 
activity on a broad front by putting water tic work, along 
with other inputs, in the production of energy; production 
of food; including crop, livestock, and fisheries; preserva- 
tion of wildlife; reforestation of barren lands; and the 
provision of a wide range of water services to households 
and industries. Although at present over 70 percent of 
Ethiopia's power supply comes from hydro-plants, the poten- 
tial for the development of hydro-electric energy remains 
virtually untapped. Water development for other uses either 
by private interests or public agencies is rather negligible. 
Since economic development by definition involves the most 
efficient use of one's natural, human, and cultural 


resources, Ethiopia's economy is unlikely to show signifi- 
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Cant growth as long as her natural and human resources 
remain unemployed on a vast scale. 

In essence, then, the fundamental policy implication 
of this study is that investment in water development pro- 
grams should be fostered and promoted in order to tackle 
both the short term food and unemployment probiems and the 
long run economic development problems confronting Ethiopia. 
The successful development and efficient utilization of 
Ethiopia's water resources, however, require the existence 
of an appropriate institutional and organizational set up. 
To realize the potentially large social net benefits that 
Ethiopia can derive from agricultural water development, it 
is first necessary to establish institutional machinery 
that can effectively plan, organize, control and manage 
water resource development programs. Recognizing this funda- 
mental requirement, an effort will be made in the subsequ- 
ent chapter to briefly examine the existing institutional 
structure for water resource development in Ethiopia. 
Further, a proposal will be forwarded regarding an organi- 
zational form that will be suitable for the proper imple- 


mentation of the projects suggested in this study. 
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CHAPTER VIII 


INSTITUTIONAL ARRANGEMENTS FOR WATER 
RESOURCE DEVELOPMENT IN ETHIOPIA 


Institutions are fundamental for any organized human 
endeavour. The existence of adequate and efficiently func- 
tioning water institutions is particularly important to 
the development and proper utilization of a nation's water 
resources. Institutions are required at various levels to 
cope with the many problems normally associated with water 
control and management. An essential function of water 
institutions is the resolution of conflicts among water 
users that normally arise as the use of the resource inten- 
sifies and supplies become scarcer. 

In Ethiopia, the development of water institutions, 
particularly at the local level, has lagged behind the 
need for such institutions. Although a beginning has been 
made, much more remains to be done by way of developing 
the institutional framework that will foster the success- 
ful development and efficient utilization of Ethiopia's 
VaStiwater resources. 

In this chapter, the existing water institutions and 
the degree of their effectiveness in facilitating the con- 
trol and management of Ethiopia's water resources will be 


reviewed. As well, an outline of the institutional needs 
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and arrangements for the proper implementation of the pro- 


jects analyzed in this study will be presented. 


Water Institutions in Ethiopia 


Formal water institutions in Ethiopia have a rela- 
tively short history. The importance of water resources 
and the contribution that systematic water development can 
make to national economic development was not formally 
recognized until the early 1960's. The foundation for 
modern water institutions in Ethiopia was laid down during 
this period with the establishment of the Water Resources 
Department within the Ministry of Public Works and the 
creation of the Awash Valley Authority. The latter is an 
autonomous public agency responsible for administering the 
land and water resources of the Awash River Basin. 

Although these two agencies have been pioneer nationa! 
Organizations in the water resources field, their activi- 
ties to date have largely been restricted to the collection 
of hydrological and climatological data as well as the 
administration of routine departmental activities. Their 
performance record in the area of direct planning and deve- 
lopment of water resources has been very poor. However, 
responsibility for the development and utilization of water 
resources has by no means been restricted to these agencies 
only. A number of ministerial departments, municipalities, 


and autonomous agencies such as the Ethiopian Electric 
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Light and Power Authority have also been involved in deve- 
loping water resources for various uses including power, 
navigation, and municipal purposes. 

Because of the overlapping nature of the responsibi- 
lity for water resources development among various minis- 
tries and the wastage of resources entailed by such over- 
laps, the Ethiopian Government decided to establish a 
national Water Resources Council during the Third Five 
Year Plan (1968-73). The Council was to be an autonomous 
national water resource agency with powers to coordinate 
and control all activities relating to water resources in 
Ethiopia. In this connection the plan document states: 

In the development and planning of water resources, 

general river basin surveys, feasibility studies, 

climatological and hydrological data collection, 
~etc., a large number of government ministries and 
agencies are presently responsible. In order to 
coordinate and integrate activities in this field, 
and advise the government on major policy issues 

of water resources development, a Water Resources 

Council will be established. The existing Water 

Resources Department in the Ministry of Public 

Works will be reorganized and will act as the tech- 

nical secretariat of the Council. 

Among other things, the Council was given powers and 
responsibilities to collect data, make river basin surveys, 
prepare feasibility studies, design and construct rural 
water supplies, control water pollution, administer water 


rights, and supervise water legislation. furthermore, the 


Council, through its technical agency, was assigned the 


a 


i Imperial Ethiopian Government, Third Five Year 
Development Plan, 1968-73, p. 150% 
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responsibility of designing and constructing water develop- 
ment projects at the request of other government depart- 
ments. The Council, therefore, has broad powers and duties 
as regards water resource development in Ethiopia. 

Despite such official moves at the central government 
level, very little has been done by way of developing local 
institutions and enacting laws and regulations governing 
water rights. To date, no comprehensive water legislation 
has been considered in Ethiopia; hence, traditional and 
customary Ttaws govern the use of both surface and ground 
water. 

In Ethiopia, water has been traditionally considered 
a free resource, and the use of surface water for house- 
hold purposes and livestock consumption is open to all 
users. The right of access to surface sources has also 
been traditionally guaranteed to all individuals and their 
livestock. The use of surface water for irrigation pur- 
poses, however, is commonly understood to be exclusive to 
the owners of riparian land. There seems to be no evidence 
to suggest that traditional practices ordinarily take into 
account the rights of downstream users. 

Tradition and common law also govern the use of 
ground water. According to common practice, ground water 
rights are restricted to the owners of the overlying land 
surface. It is not clear what protection or recourse a 
ground water user has in the event of intrusions by neigh- 


bouring ground water users or interference by the users of 
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upstream acquifers. Likewise, the use of common ground 
water pools and common acquifers do not seem to be 
governed by any form of law, traditional or otherwise. 

Most ground water uses in Ethiopia are restricted 
to domestic water supply and livestock consumption. Largely 
primitive methods are used to withdraw water from shallow 
wells and boreholes. Ground water use for irrigation pur- 
poses is almost nonexistent, apparently due to lack of 
proper technology to develop and utilize deep water wells. 

In the past, lack of comprehensive water legislation 
and the absence of well defined property rights in water 
have not created serious difficulties. It seems that the 
absence of significant irrigation development and the 
generaliy low level of water utilization have kept the 
potential conflicts among water users to a minimum. But 
as demands for water increase with agricultural and indus- 
trial expansion, the traditional system of water allocation 
will undoubtedly prove to be very inadequate. Already it 
has come under severe strain in areas like the Middle Awash 
Valley, where irrigation agriculture has developed rather 
rapidly in recent years. 

Amidst this traditional mileu, rather dramatic changes 
havecoccurredeingeEthtiopiabsspoditicalgstructuregover the 
last few years. Significantly enough, all the traditional 
social, economic and political institutions have been 
affected in one way or another by the recent change in 


government. Although the situation is still in a state of 
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flux, new jaws have been decreed by the Provisional Mili- 
tary Government that fundamentally affect the nature of 
propentbyenightseineEthiopia.. “According ‘to: the land reform 
Taw of March 1975,! all natural resources have been 
declared state property. Individuals or associations, 
however, can have use rights to both land and water pro- 
vided that these resources are used for “prescribed pur- 
poses in a prescribed manner." This law, therefore, places 
under the direct control of the state the right to all 
Water sources, surface and ground. It also firmly esta- 
blishes that the development, control and management of 
water resources rests with the state or its appointed 
agents. The impact of these changes on water development, 
management and utilization is yet to be seen. 

Government policy in the past has emphasized the 
development of water for hydroelectric purposes almost to 
the total exclusion of irrigation and other water uses. 

A continuation of this policy in the face of growing needs 
IW Other SecOLOrs Wi bi UNndOUDCEd I! YVeDesirrauvonal.. > UCiiea 
policy will also be very detrimental to agricultural and 
economic development in Ethiopia. There is therefore a 
definite need for a vigorous and comprehensive government 
policy to develop water resources on a broad front. An 


integral part of such a policy, of course, should be the 


l Provisional Military Administrative Council of 
Ethiopia, "A Proclamation to Provide for the Nationaliza- 
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encouragement and establishment of suitable local water 
institutions. Such institutions should be supported by 
a progressive water law governing the control, management 


and utilization of the nation's watersheds. 


Institutional Requirement for Project 


Implementation 


The implementation of the projects suggested in this 
study calls for a specific organizational structure. In 
the absence of local experience with water institutions in 
Ethiopia, it certainly is not easy to prescribe an institu- 
tional structure that can best suit the purpose at hand. 
Nevertheless, certain considerations seem to be vital when 
making institutional choices suitable for local watershed 
development in Ethiopia. 

The first and perhaps most important consideration 
is the degree of grassroots or popular participation in the 
institutional machinery. If the institution is to be vi- 
able and effective, the full and complete involvement of 
the participating farmers in the institutional process must 
be ensured. Without effective popular participation in the 
decision-making process, the successful achievement of the 
projects' objectives can be in jeopardy. Second, the 
institutional structure must not be complex and cumbersome. 
On the contrary, it should be streamlined, simple, direct, 


angsetricient. ». OVera.),.) tomust, Deo an ainseuLucion. wnicn 


wad ew faaat ie stua ta si lett ere saomegs 
‘ed besroqaue oe aneits ae Ue beech 


tnamsgsoem ,fov2A0yont 4 = we 
wart . sot’ aarp 


i ‘Whe Ae Goi ei : ot 


-* Sater tet suaeeaall ‘fertet sustrent * 


dotssnans tant” ah) Ee ae 
+P ie ege Wests 4. @ 


ata nt vataseuye angen ant wo nna a 
nt syd oMase Fonptrestnagro atttaeaa. 6 oY 20189. 
at anotsua isan 793.5 asiw song t19gxe . [sof - to HONS zK 7 
~ua t2ant as edina2e9 of u2Re doa 2t Xin teo1s3, at. 
-bagd 36 Bteagns end shue A2ad nso. aig, awtapadz: Sp 
noah fatty od o3 meee pnoszerabtemog, ntesy99o pation: 
badenet ey Ipa0l, 707 pigss twa, esatong, ete 


' ry 
- CoP ; ; 
7 a 


ipo. <1. ge EL recta 
no :Serabt endo , inssnognt 4 asi, etiil bne, 3203 $i ete: cy 
eva nt notasgtataag valugag v0 2200722878, to, canpebss mo 
“tv ad of af, notsustgant siz v.. toi at a 


to snomextovnl, sisfqnes bie ffur ant savita9t ta, be “ fae 
saum e290014 Langhsyatagnt ant. at ener heinpc 169 9 
sat. nt sotsqutotinea reluaes 2 ev isaeyte, suodaiW, .baw a : 
te Yo, tnofenat.deos, Sutpasonee st2 22029" eden inf a » 
ae _ dt <bapaee _wejaawat af: bese 76 sko79 
ssbuipns bas OF QROD od fon pone sngta 
2284 Saas cage hoe 


4 
Per acts A : 7 


265 


the participant can comprehend and call his own. This is 
essential because unless the participating farmers feel 
they are part of the institution, it will be difficult to 
maintain their enthusiasm and interest in the success of 
the institution. 

One form of organizational structure that can meet 
the above requirements is a cooperative association of the 
participating farmers. Experience elsewhere in the world 
seems to indicate that cooperative associations are flexible 
institutions that can be adapted to a wide range of local 
Situations. Although experience with farmers' cooperatives 
is still limited in Ethiopia, they are recommended in the 
present context because they show a potential to be viable 
and can be instrumental in bringing about an integrated 
approach between agricultural development and water manage- 
ment. Significantly, the use of farmers' cooperatives as 
institutional vehicles for social and economic change is 
being propounded by the present Ethiopian government. 

The biggest drawback to the successful operation of 
modern cooperatives in Ethiopia is the lack of experienced 
membership that fully comprehends how cooperative organiza- 
tions function. Undoubtedly, the success of the coopera- 
tive as an effective local institution depends on the abi- 
lity of the members tc work together toward a common goal. 
Although this condition may not be satisfied initially, an 
effective educational campaign should alleviate this pro- 
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drawback, which incidentally may apply equally to other 
similar local water institutions such as public water 
districts and local water users associations, cooperative 
associations do have considerable merit as a democratic 
grassroots organization. 

It should be emphasized, however, that as in other 
human endeavours, efficient management is crucial for the 
successsofithetorganization: wrorrthistreasonzea weld 
qualified manager with sufficient experience and proven 
ability should be responsible for managing the cooperative. 
It is important to stress that the manager should not only 
possess technical skills in directing and controlling large- 
scale irrigation agriculture, but he should also be able 
to motivate and stimulate the participating farmers and 
project employees to a high degree of achievement. 

It is further suggested that the manager should have 
a team of experts in the various technical specialities. 
These experts would be in charge of the various technical 
divisions and would assist the manager in their area of 
competence. The following specialities should be repre- 
sented in the operation of the proposed cooperative associa- 
tion. 

icomAgritculturals Economist. 

2. Agronomist. 


Building Technolgist. 


> WW 


Education Specialist. 


5. Farm Power Specialist. 
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6. Health and Sanitation Specialist. 

/ OMe ECOnOMmasitr 

S. slrrigation Engineer. 

Figure 8.1 shows a suggested organizational chart and 
HinerorsGesmonsn ba lat ye 

In conclusion, the systematic development and effi- 
cient utilization of Ethiopia's water resources requires 
the existence of appropriate water institutions. Unfortun- 
ately, development of water institutions in Ethiopia, 
particularly at the local level, has lagged far behind the 
need. In recent years steps have been taken to establish 
a national water agency. However, lack of a comprehensive 
water law and the absence of a network of local water 
Organizations that can give life and substance to national 
water policies continue to retard the rational exploitation 
of the nation's water resources. 

In the past, Ethiopia heavily relied on tradition and 
custom to allocate water among various uses and to resolve 
conflicts among users. This system obviously is inadequ- 
ate and ill-equipped to serve the complex development needs 
of Ethiopia. It will undoubtedly be seriously strained as 
the demand for water expands and competition among various 
uses becomes increasingly keen. Needless to say, the poten- 
tial contribution water can make to agricultural growth and 
improvement of social welfare in Ethiopia critically depends 
on the existence of effective national and local water 
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CHAPTER IX 


SUMMARY, CONCLUSION, AND RECOMMENDATIONS 


The provision of adequate food supplies and produc- 
tive employment for the expanding population represent the 
most pressing and challenging economic problems confront- 
ing Ethiopia today. The food problem in Ethiopia has been 
longstanding and is certain to linger into the future un- 
less drastic measures are taken to substantially increase 
food production. An analysis of the demand and supply of 
food in the present study indicates that over the next 
decade, demand for food in Ethiopia will increase at an 
annual rate of about 4.2 percent, while food production 
over the same period is expected to grow at the meager 
annual rate of around 2.0 percent. Given the discrepancy 
between these two growth rates, Ethiopia's annual food- 
grain shortfall over the next decade will be in excess of 
157,900 tons. The unemployment problem is no less severe. 
Aithough official unemployment figures are unavailable, 
it is a matter of common knowledge that both unemployment 
and underemployment abound in Ethiopia. Recognizing the 
magnitude and implication of these problems, the present 
study has advanced and carefully analyzed a proposition 
for tackling them. 


After discussing the nature and magnitude of 
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Ethiondd's food and unemployment problems, tracing their 
far-reaching consequences and analyzing their implication 
for Ethiopia's future economic and social development, 
public investment in agricultural water development was 
proposed as a vehicle for expanding focd production and 
generating employment. The viability of this proposal was 
investigated both theoretically and empirically. Neo- 
classical theory of production and public investment theory 
provided the theoretical underpinning of the study. The 
empirical techniques of recursive programming and benefit- 
cost analysis were employed in conducting the detailed 
empirical analysis. 

In the study, the resource base of Ethiopian agricul- 
ture, particularly agro-climatic diversity, was reviewed 
in some detail. The water resource potential of the coun- 
try was also carefully examined. While the potential for 
irrigation development and the expansion of other uses of 
water appears to be considerable, the available information 
indicates that this potential, for the most part, remains 
untapped. Of the presently known 640,000 hectares of irri- 
gable land, only about 60,000 hectares have been developed. 
In order to analyze the economic feasibility and evaluate 
the potential impact on food production and rural employ- 
ment of developing these resources, two study areas, each 
representing one of the major agro-climatic regions of the 
country, were selected. 


The Megech River area, in the Abay River Basin, was 
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selected to represent the highland regions of Ethiopia. 
This study area covers about 5,890 hectares of irrigable 
land and the proposed development was planned to be phased 
in over a ten year period, with approximately 10 percent 
of the land being developed each year. The initial capital 
requirement of the project was estimated at E $2.1 million 
(1970 dollars), with E $1.4 million being required annu- 
ally over the ten year period for expansion of the irriga- 
tion infrastructure. 

Under its most desirable alternative, the Megech 
Project yields an internal rate of return of 17 percent 
over a 40 year planning horizon. Annual revenues will 
equal total annual outlays (i.e., annual project cost + 
associated cost) during the sixth year after which the 
annual project revenues will exceed total annual costs. 
Cash flow discounted at 10 percent shows that the project 
has a pay-off period of 14 years. However, operating 
revenue exceeds operating cost right from the very first 
year. The project would require up to E $965,000 worth 
of imported goods annually. If foreign exchange earnings 
Cannot be diverted to the project from other sectors, up 
to 22 percent of the gross output of the project will have 
to be exported to raise the required foreign exchange. 

After full development, the Megech Project can pro- 
duce an estimated 22,975 tons of foodgrain annually, which 
is roughly a two-fold increase over the expected level of 


production under improved practices without the project. 
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The direct employment effect of the Megech Project is 
estimated at 4,672 workers as compared to 4,493 under 
improved practices without the project. 

The second study area selected was the Kesem River 
area located in the semi-arid plains of the Middle Awash 
Valley.» The project area covers: 5,650 hectaresvof irrig- 
able land and, like the Megech project, the development 
program is expected to be phased in over a ten year period. 
Approximately 10 percent of the land is planned to be deve- 
loped annually. The initial capital requirement for this 
progecteistestimated ateEs$2u4i mi llionie Aboutate $igo 
million in capital outlay would be required annually during 
the ten year expansion period. Approximately E $1.8 
million worth of imported goods would be required annually 
to operate the project. To pay for this level of imports, 
up to 35 percent of the gross output of the project may 
have to be exported unless foreign exchange earnings can 
be diverted to the project from other accounts. 

Analysis of the rate of return shows that the Kesem 
Project has an internal rate of return of 27 percent over 
a 40 year period and total annual outlays would equal total 
project revenue in five years. The pay-off period for the 
project, at a discount rate of 10 percent, would be 11 
years. 

The Kesem Project also demonstrates considerable 
potential for increasing foodgrain production. The success- 


ful implementation of this project can add Upeto e4,0/7 
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sons of foodgrain to the nation's food supply annually. 

It also has the potential to generate direct employment for 
approximately 4,499 persons. In addition, both projects 
have a wide range of positive net indirect or secondary 
effects which manifest themselves through inter-industry 
‘linkages, reinvestment of profits and general improvement 
of social welfare on a broad front. 

In conclusion, therefore, it should be stated that 
both projects are economically attractive and they both 
demonstrate considerable potential for making significant 
contributions toward the solution of the food and employ- 
ment problems in Ethiopia. In particular, the study has 
brought to the forefront the potentially important role 
public investment policy can play in stimulating agricul- 
tural development in Ethiopia. While the need for further, 
more intensive, studies in the economics of water develop- 
ment in Ethiopia should be stressed, this study has clearly 
pointed out the opportunities available to Ethiopia to 
Significantly expand foodgrain production and stimulate 
rural development through the careful planning and effi- 
cient implementation of agricultural water supply develop- 
ment schemes. The social cost of continued neglect of 


such opportunities is incalculable. 


Recommendations 


In view of the results of the study and the policy 
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implications discussed in Chapter VII, the following 
recommendations appear worthy of serious consideration 
by the Ethiopian government. 

1. The Ethiopian government should take appropriate 
measures to ensure that agricultural water development 
‘constitutes aneintedralm@part, of Ethioplassaagriculturas 
development strategy. The national development plans should 
reflect this commitment and adequate investment funds should 
be made available to implement the policy. 

2. The Ethiopian government should give serious 
consideration to the establishment of a Department of 
Irrigation and Rural Water Supply within the Ministry of 
Agriculture. This department should have the means, powers, 
and responsibilities to promote, coordinate, and control 
water development for agricultural purposes, including 
irrigation, rural household and livestock water supply. 
Among the specific responsibilities of this department 
should be the direct undertaking of integrated water deve- 
lopment programs as well as the provision of advice and 
technical assistance to rural households and local self- 
help groups. The absence of such a department within the 
Ministry of Agriculture"has been~an’ institutionat derici- 
ency and may have accounted, at least in part, for 
Ethiopia's failure to recognize and avail herself of 
opportunities for irrigation development provided by her 
water resource endowment. 


3. In order to test the practicality and workabi- 
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te of the public water development programs suggested 
in this study, it is recommended that pilot projects be 
established in each of the project areas studied. The 
pilot projects should be so designed as to allow full 


development if found workable. 


Limitations of the Study 


Aside from the limitations inherent in the assumptions 
on which the analytical techniques are based, two major 
limMitacionsmcnaracternizescnisestuday. The Tirst samitati on 
is the quality and reliability of the data used in the 
Study. Although every effort has been made to verify the 
validity and consistency of the data by comparing and re- 
checking with different independent sources, the quality 
of the data still leaves a lot to be desired. In several 
instances, unexplainable anomalies have been encountered 
among similar data obtained from different sources. How- 
ever, in view of the general paucity of data in Ethiopia, 
this limitation was neither unexpected nor is it considered 
particularly unique to this study. 

The second limitation arises from the possibility 
that the two study areas selected for this inquiry may not 
represent, as closely as assumed here, the broad range of 
DiySicaleand climatic cOnGiLiOns01 ULNTOPpddaoemUbDY 1OUSILYs 
for a country as large as Ethiopia, with its varied eco- 


system, a much larger number of areas representing the 
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different micro-climates and water resource systems must 

be studied before universally valid generalizations can 

be made regarding the social net benefits that would accrue 
from a nation-wide program of water development. 

What these limitations mean, of course, is that the 
results of this study should be interpreted very carefully 
and cautiously. These limitations notwithstanding, the 
study has clearly indicated the direction which future agri- 
cultural development research and public investment policy 
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Physical and Economic Setting of the Study 


The origin of the problem considered in this study 
lies in the natural resource endowment of Ethiopia and the 
economic superstructure which has resulted from this endow- 
ment. An understanding of the physical and economic sett- 
ing of the problem is, therefore, essential in order to put 
the problem in its proper perspective. The purpose of this 
appendix is to provide a brief discussion of the physical 
and economic basis of the problem so that its nature and 


magnitude can be properly understocd. 


Physical Settirg 


Ethiopia is a land of great physicai diversity. With- 
in its borders, Ethiopia includes areas that range from 

sea level coastal plains to alpine peaks reaching approxi- 
mately 4,500 meters above sea level (Figure A.1). The 
direct result of thaismgreat vamaatiton im altitude is a very 
wide diversity in climate. Consequently, one finds a widely 
divergent microclimate within relatively short distances. 
These variations in climate in turn greatly influence botn 
human settiement and agricultural practices (Figure A.2). 
Notwithstanding these broad variations in elevation, climate 
and agricuitural practices, Ethiopia may be conveniently 
divided into two major agro-climatic regions -- the high- 


lands which include areas lying above 1,800 meters and the 


lowlands which include areas lying below this elevation. 
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FIGURE A.2 


REGIONAL DISTRIBUTION OF FOOD PRODUCTION IN ETHIOPIA 
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The Ethiopian highlands stand out as the most promin- 
ent agro-climatic region in the country. Divided into the 
eastern and western plateaus by the great East African Rift 
Valley, the Ethiopian highlands are the home of the majority 
of the Ethiopian people and the source of the bulk of the 
nation's agricultural output. In general, the highlands 
have moderate daily temperatures throughout the year, aver- 
aging about 18°C, and receive an average annual rainfall of 
about 1,400 mm. | About 75 percent of the rainfall, however, 
occurs in a four month (June-September) period. The high- 
lands experience rather pronounced dry and wet seasons, 
with the dry season lasting roughly six to eight months. 

Relatively fertile and productive soils prevail over 
the highlands, although erosion is a very serious problem. 
Mixed agriculture prevails throughout the highiands, with 
livestock supplementing crop production. Dryland farming 
characterizes the agricultural production system. While 
temperature conditions in the highlands are generally suit- 
able for the cultivation of crops throughout the year, lack 
of precipitation limits crop production to only one major 


harvest a year. The provision of supplemental irrigation, 


l Far’ a detailed discussion on Ethiopia S Climate, 
topography, and physical relief see Mesfin Wolde Mariam, 
AOAC has Of FEnlOpia (ASiard, © GNtOD las lt row Grag1CO, 
Priv. Ltd., 1970); Assefa Bequele and Estatu Chole, A Pro- 
file of the Ethiopian Economy (Nairobi: Oxford University 

ress, 1969); F.J. Simoons, Northwest Ethiopia: Peoples 
and Economy (Madison: Wisconsin University Press, 1960); 
and Ernest W. Luther, Ethiopia Today (Stanford: Stanford 
University Press, 1958). 
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therefore, could make two harvests per year possible in 
many parts of the highlands. 

The lowlands constitute the second major agro-climatic 
region of Ethiopia. They are basically vast semi-arid scrub 
lands that form the outside periphery of Ethiopia's land 
mass. They are generally characterized by high daily 
temperatures, the annual average temperature being in the 
range of 28°C - 30°C. As a rule, they experience very low 
rainfall, generally less than 400 mm per year, and the rain- 
fall is usually unreliable. The moisture deficiency of 
these areas is further exacerbated by rather high rates of 
evapotranspiration stemming from the intense solar radiation. 

In direct contrast to the highlands, the lowlands 
of Ethiopia are sparsely populated. Since they are largely 
inhabited by nomadic pastoralists, livestock raising con- 
stitutes the main form of economic activity. Although rela- 
tively good alluvial soils prevail in many parts of the 
lowlands, crop production is highly risky owing to moisture 
deficiency. Accordingly, if this vast area, estimated by 
some to be about 60 percent of Ethiopia's land area, | is 
to be utilized for crop production, water development will 
be absolutely essential. 

Ethiopia's overall physical environment can generally 
be said to be characterized by eso nea water scarcity. 


In many regions, not only is water development essential 


er a 


Mesfin Wolde Mariam, An Atlas of Ethiopia, p. 12. 
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for expansion of crop production, it is also vital for the 
improvement of livestock performance. Likewise, the better- 
ment of living conditions in general critically depend on 
the adequacy of developed water supplies. In the final 
analysis, then, the kind of response Ethiopia makes to the 
challenges posed by the scarcity of water seems to be one of 
the key factors determining the success or failure of her 


struggle for economic and social development. 


Economic Setting 


A characteristic feature of the Ethiopian economy is 
its heavy dependence on traditional agriculture. Although 
recent years have witnessed the emergence of the modern 
sector, peasant agricultural production still forms by far 
the largest sector of economic activity in the country. 

Ethiopia's Gross Domestic Product (GDP) at constant 
factor cost of 1961! rose from E $2.32 oo million’ in 1961 
to E $3,450.6 million in 1970, thus registering an average 


annual: growth, rate. of, 4:0.percent over they ten. year period 


t According to the Ethiopian Central Statistical 
Office ecross Domestic Product cateraCcomecoStmicm ess acian 
Gross Domestic Product at market prices by the amount equal 
to the difference between indirect taxes and subsidies. 
Imperial Ethiopian Government, Central Statistical Office, 
Ethiopian Statistical Abstract (Audi SeAbabd Comoe oy 2.)'5 
peor iva 


2 $1 = U.Ss $0.40 Jn, 19/0) exchanGeeiea team 1 tas ound 
be noted that the U.S. dollar has since been devalued and 
the exchange rate in 1976 was E $1.00 = U.S. $0.50. 
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(Table A.1). Agricultural GDP increased at an average 
annual rate of 2.0 percent, from E $1,504.5 million to 

E $1,833.3 million over the same period. Although the 
major share of the GDP still originates from agriculture, 
the annual share of agriculture in the GDP steadily 
declined from 64.8 percent in 1961 to 53.1 percent in 1970, 
suggesting the emergence of a structural shift in the 
economy. Despite the decline in the share of agriculture 
in the GDP, employment in agriculture remained relatively 
unchanged at around 88 percent of the active labor force 
(Table A.2). During the same period, per capita income 
showed an average annual growth rate of only 2.1 percent, 
Upernom vc. silo. 178196.) tos Ewes bee id) 990 wena id Seanodes t 
rate of growth in per capita income is largely a result of 
low productivity in agriculture. 

In sharp contrast to the agricultural sector, the 
non-agricultural sectors showed a steadily increasing trend, 
with practically all of them registering average annual 
growth rates that were significantly higher than the rate 
of agricultural growth during the 1960's (Table A.1). The 
‘nti sector, consisting of mining and quarrying, manu- 
facturing, seandicratts, CONStTEUCL ION, ONdme loc pi aquy. 
registered an average annual growth rate of 6.6 percent 
and increased its share in the GDP Tryon tease percen twin 
1961 to 15.8 percent in 1970. The wholesalesand retail 
trade sector had an annual average growth rate of 7.8 per- 


cent and increased its relative share in the GDP from 6.0 
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percent in 1961 to 8.6 percent in 1970. This was repeated 
by the transport and communication sector, which showed an 
average annual growth rate of 10.2 percent and increased 

its contribution to the GDP from 3.0 percent to 5.4 percent 
at the end of the decade. The service industries, such as 
banking, insurance and real estate, public administration, 
health, education, etc., had a growth rate of 6.2 percent 
and also increased their relative share in the GDP from 13.9 
percent in 1961 to 17.1 percent in 1970. 

Although these growth rates are impressive, it should 
be mentioned that these sectors started from a very low 
initial base; hence, even a small absolute change would 
result in a relatively large percentage change. But the 
figures forcefully bring out two fundamental points that 
have far reaching implications for future investment plann- 
ing in Ethiopia. 

First, despite their rapid growth rates, the non- 
agricultural sectors have not generated sufficient employ- 
ment opportunities to perceptibly reduce the size of the 
agricultural labor force.,.Hence, presently the country 
finds itself in a situation where an estimated 88 percent 
of the active labor force is still engaged in low producti- 
vity agriculture which produces only about 53 percent of 
the Gross Domestic Product. Both the output/labor ratio 
and the capital/labor ratio in agriculture are much lower 
than the corresponding values for the non-agricultural sec- 
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government investment policy which neglected agriculture 
in favour of the non-agricultural sectors. Agricultural 
investment in Ethiopia between 1961 and 1965 was estimated 


at about 0.5 percent! 


of the GDP, and only 11.58 percent 
of the total gross planned investment in the Third Five 
Year Plan (1968-1973) was allocated for agriculture and 
allied activities.¢ Furthermore, compared to other develop- 
ing countries in Africa, Latin America, and Asia, Ethiopia 
ranks among the lowest in terms of total agricultural 
expenditure as a percent of total budgeted expenditures. 
The effect of this policy has been to keep labor and land 
productivity in agriculture very low, while producing only 
marginal results in terms of employment generation outside 
agriculture. 

Secondly, the rapid rates of growth in the industrial 
and service sectors have not led to high growth rates in 


per capita income. This result seems to reinforce the 


widely held view that in a developing country like Ethiopia, 


PIF. Szezepanik, "The*Size and Efficiency ‘of Agri- 


cultural Investment in Selected Countries," Monthiy Bulletin 
of Agricultural Economics and Statistics, Vol. 18 macenber: 
roeoy. pier: 


4 Imperial Ethiopian Government, Third Five Year Deve- 


lopment Plan, 1968-1973 (Addis Ababa: Berhanena Selam Press, 
hI6 She pap : 

3 J.-H. Robinson and Mammo Bahta, An Agricultural 
Credit Program for Ethiopia, Report No. 9 (Menlo Park, 
California: Stanford Research Institute, January, 1969), 
peel CM es 
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significant improvement in per capita income cannot be 
realized, even in the face of rapid growth in the non- 
agricultural sectors, until the productivity of the agri- 
cultural labor force is significantly increased and the 
rate of population growth is slowed down. 

Within the Ethiopian agricultural sector, crop and 
livestock production account for the largest share of the 
output while forestry, hunting and fishing as a group play 
only a minor role. In 1970, about 94.5 percent of the agri- 
cultural production consisted of crop and livestock output. 
The rest was made up of forestry (5.2 percent), hunting 
(0.1 percent), and fishing (0.2 percent) (Table A.1). Hunt- 
ing has increasingly become a very negligible activity, 
while forestry and fishing have shown only slight improve- 
ments over the past decade. The value of crop and livestock 
output, on the other hand, increased at an annual average 
rate of 1.9 percent, up from E $1,434.4 million in 1961 to 
E $1,732.3 million in 1970. Nevertheless, the relative 
share of crop and livestock output in the GDP declined from 
6lec percent in 1961 to 50.2 percentein 19/08( lablewA.aye 

Presently, the crop and. livestock sectors are the 
major sources of livelihood for a significant proportion 
Of the population, elteiseestimated that close stoesCe percent 
of the population still lives in the rural areas and is 
believed to be directly or indirectly dependent on the land. 

Judging by the past performance of the Ethiopian 


economy, the employment structure is unlikely to change 
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Significantly in the foreseeable future. The agricuitural 
sector, therefore, must continue to provide employment and 
the means of livelihood for increasing numbers of people in 
the? 1980% “and™1990%s. U9 THis?yhoweverseisMnot to®say? that 
the labor force is fully employed now. Although official 
unemployment figures are unavailable, it is widely believed 
that significant unemployment and underemployment exist in 
the rural areas. It has been suggested that the rate of 
urban unemployment may be as high as 15-20 percent. | The 
unemployment problem can be expected to worsen as the popu- 
lation continues to surge upwards at the estimated rate of 
275 percent< insthe 19708Stand 1980'sor Therfactethavethe 
population is disproportionately distributed between urban 
and rural areas means that most of the population pressure 
will be felt in the rural areas, although the towns will not 
be spared the onslaught as scarcity of opportunities in 
rural areas forces mass migration to the cities. The urban 
population is currently expanding at an annual rate of 


about 6.6 percent, of which 4 percent is believed to be due 


| Edwin Cohn and John Eriksson, “Employment and 
Income Distribution," War on Hunger, A Report of the Agency 
for International Development (Washington, D.C.: USAID, 
JUlVYanl ol odevPt id 2heebOrgagbroader iseussionsof fhe. une 
employment problem in Ethiopia, see Yilma Teklemariam, 
"Issues in Labor Unemployment and Migration in Ethiopia" 
(University of Alberta, Department of Agricultural Economics, 
Edmonton, 1973). (Typewritten.) 


2 Imperial Ethiopian Government, Central Statistical 
Office, Ethiopia: Statistical Abstract (Addis Ababa: CSO, 
1972985 p§ £20 
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l Given these salient 


to net immigration from rural areas. 
facts, it is quite clear that in the foreseeable future 

only rapid expansion in rural development can provide 

relief to the massive unemployment problem in Ethiopia. 

The contribution of the agricultural sector to the 
Ethiopian economy, however, is far more pervasive than 
simply the provision of a means of livelihood for the great 
majority of the population. Farm commodities account for 
over 95 percent of Ethiopia's exports, with coffee alone 
accounting for about 60 percent of the foreign exchange 
earnings (Table A.3). The implication of this state of 
affairs in terms of Ethiopia's need for increasing amounts 
of foreign exchange to pay for much needed capital and fuel 
imports is indeed far reaching. Consequently, the need to 
diversify and expand exports is very urgent for Ethiopia. 

The agricultural sector also plays a vital role in 
providing the raw material base for most of Ethiopia's manu- 
facturing industry. As is to be expected, firms dependent 
on a wide range of agricultural raw materials constitute a 
major proportion of the manufacturing industry in Ethiopia. 
In 1970, for instance, about 75.9 percent of the gross 


value of production in the manufacturing sector originated 


in agriculturally based industries. During the same year, 


Imperial Ethiopian Government, Central Statis tuical 
Office, Ethiopia: Statistical Abstract, 19 7e sa). moCr om. 
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these industries employed 79.2 percent of the industrial 


labor force. 


The future expansion of these industries 
and the establishment of similar new industries will 
undoubtedly require expanded and increased farm output 
to provide the necessary raw materials. 

The wholesale and retail trade sector is also depend- 
ent one tne performance,of the agricultural sector.) in as 
much as a large proportion of the goods that flow through 
the trade sector are farm commodities, the future expansion 
Ofmtiis sector Wsealso closely tied to the growen or agwie 
cultural output. The development of low cost transporta- 
tion and an efficient marketing system can contribute to 
the growth of the wholesale and retail trade. But without 
substantial increases in agricultural output, and consequ- 
ently, marketabie surplus, the wholesale and retail trade 
sector in Ethiopia cannot provide the potentially high level 
of employment and income that it is capable of providing. 

The single most important contribution of Ethiopian 
agriculture to national welfare, however, is the provision 
of domestic food supply. The provision of foodstuffs for 
home consumption forms the primary basis of agricultural 
Orouuction in Ethiopla. FOr tne MOS Gupalas at tom Tdliny 
consumption needs rather than profit maximization that 
motivates the large majority of individual farm operators 


in Ethiopia. Therefore, in most cases, only surplus quanti- 
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ties over and above individual family needs are traded in 
order to acquire other items not produced on the family 
farm. The marketable portion of the output is a relatively 
small percentage of the total output -- perhaps not exceed- 
ing 20 percent. 

The domestic production of adequate food supplies, 
Ofmcoumse+s1S of «crucial importance to Ethiopia.wesince 
scarcity of foreign exchange severely limits Ethiopia's 
capacity to augment her domestic food supply through sub- 
stantial imports from abroad, practically all of the 
national food consumption requirements must be produced 
at home. Ethiopian agriculture, therefore, has the burden- 
some task of adequately feeding a rapidly expanding popula- 
tion. Unfortunately, as events in recent years have shown, 
this task has proven to be exceedingly difficult. 

As has been pointed out, the performance of Ethiopian 
agriculture in the 1960's was disappointing. Although agri- 
cultural output as a whole increased at an average annual 
rate of 2.0 percent between 1961 and 1970, the crop and 
livestock sector, which constitutes almost the entire source 
of food supply, had an average annual growth rate of 1.9 
percent, a rate identical with that of population growth 
for the same period. Therefore, food production barely 
kept up with population growth. 

Per capita food output increased slightly between 
1964 and 1971 (Table A.4)3 Per capita qproduction.of calories 


and proteins increased by approximately 3 percent between 
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1964 and 1971, an increase of less than 0.4 percent per 
year. However, this does not mean that actual calorie and 
protein intake increased by even that meagre amount. The 
index shown in Table A.4 is calculated on the basis of 
GVOSS afl gures MsoeitMisnossible thateathe level. of nutri 
tional intake may actually have declined if allowances were 
made for net exports, seed, feed, waste, and industrial 
uses. | Since Win recent years the increasermn agricul tural 
output was obtained primarily by expanding the cultivated 
area rather than by increasing yield per hectare, which 
means that the share of output allocated for seed must have 
increased, and since industrial activity as well as exports 
have shown sharp increases, it seems reasonable to specu- 
late that actual nutritional intake may have declined. 

The conclusion that nutritional intake in Ethiopia 
may have declined over the past decade seems to be supported 
by the results of various food balance computations carried 
out at different intervals between 1958 and 1971 (Table 
A.5).«. Except for the study. by the Ethiopian Nutrition 
Survey, | which used the combined techniques of family con- 
sumption studies, clinical diet analysis and the food bal- 
ance method, the rest of the estimates were based strictly 
on food balance computation. Although the food balance 


technique is a very crude technique, the resulting estimates 


Imperial Ethiopian Government, Interdepartmental 


Committee on National Defence, Ethiopian Nutrition Survey 
(Addis Ababa, September, 1959). a 
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TABLE A.5 


ESTIMATES OF DAILY PER CAPITA CALORIE INTAKE 
IN ETHIOPIA, 1958-1971 


Estimated Amount 
of Calories Per 


Year Capita Per Day Source of Estimate 

1958 2.545.8 Interdepartmental Committee on 
Nutrition in Ethiopia 

1959-61 Ze OF. Economic Research Service, USDA“ 

1961-63 2504250 Foreign Economic Dev. Serv., 
USDA 

1964-66 2,152.0 FAO4 

1964-71 1,884.5 Author? 

1968 19622/40 W.G. Eichberger® 


SOURCES: | Imperial Ethiopian Government, Interdepartmental 
Committee on Nutrition for National Defence, Ethiopian 
Nutrition Survey (Addis Ababa, September, 1959). 


2 U.S. Department of Agriculture, Economic Research 
Service, Food Balances for 30 Countries in Africa and West 


Asia, 1959-61, ERS Foreign-119 (Washington, D.C.: USDA, 1961). 


. U.S. Department of Agriculture, Foreign Economic 
Development Service, Foreign Training Division Cooperating 
with USAID, "The Problem of Bringing Population into Balance 
with Available Resources -- Food, Air, Water, Space, and 
Minterals" (Washington, D.C.: USDA, November, 1970). (Mimeo- 
graphed. ) 


4 W.N., Food and Agricultural Organization, Agri- 
cultural Commodity Projectsion, 1970-1970 (Rome: FAQ, 1971). 


9 Computed by author using the food balance techni- 
que. The raw data was obtained from Imperial Ethiopian 
Government, Gentral Statisticale0fiice Setniopias stags tical 
Abstract, 1972 (Addis Ababa: CS0,1972)5 np o7=438 


oes Eichberger, “Food Production and Consumption 
in Ethiopia" (Addis Ababa: Ministry of Agriculture, May, 
1968), p. 31. (Unpublished Study.) 
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nevertheless seem to provide a useful basis for observing 
trends in nutritional levels. The estimates of the daily 
average per capita calorie intake arrived at by the various 
independent studies seem to show a declining tendency in 
nutritional availability. One important conclusion that 
seems to emerge from these simple figures is the generally 
accepted view that increases in food supply in Ethiopia 
have not really kept up with the rate of population growth. 

Some words of caution, however, appear to be in order. 
The food balance method is a very crude technique of measur- 
ing national nutritional levels. When this crudeness of 
technique is coupled with the paucity of data, there is no 
doubt that the margin of error can be wide and therefore 
can lead to misleading conclusions. Since in general nutri- 
tional requirements vary among sexes, age groups, and type 
of activity, and since a significant proportion of the 
Ethiopian people is in the younger age group (45.3 percent 
of the total population in 1972 was estimated to be below 
the age of 14),! the balance sheet method of computing 
national nutritional intake is likely to over-estimate the 
deficit in the average daily calorie intake of the popula- 
LALLOL RE 

Actual figures and magnitudes aside, the undeniable 


fact is that there are serious inadequacies in calorie and 


ee 


Imperial Ethiopian Government, Central Sta bis tical 
Office, Ethiopia: Statistical Abstract, 1971, p. 27. 
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protein intake in the average daily Ethiopian diet. In 
recent years, the shortage was so acute that certain 
regions were hit by devastating famine conditions. Indeed, 
the food situation in Ethiopia is at a crisis level and the 
resolution of this crisis is the greatest challenge that 
the nation in general and Ethiopian agriculture in parti- 
cular is now facing and, in all likelihood, will continue 
to face in the years and decades ahead. 

If past records are any indication, however, Ethiopian 
agriculture, unless effectively mobilized, is unlikely to 
meet this challenge. In order to put Ethiopia's food pro- 
blem in its proper perspective, it is essential to look at 
the food demand-supply situation by considering both the 
past trends and future prospects. The subsequent pages are 


an attempt in that direction. 


Food Demand Projection for 


EtNLOpDldaswlLod0 et Jo0 


Economic theory suggests that the market demand for 
a commodity is determined by a specified set of factors. 
These factors include the price of the commodity itself, the 
price of related goods, the number of consumers, the level 
of consumer income, and tastes and preferences of consumers. 
In the empirical determination of demand, some of these 
factors pose special difficulties because data are not 


readily available or some factors, for example tastes and 
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preferences, cannot be quantified. Therefore, economic 
researchers often make simplifying assumptions to circum- 
vent such limitations. 

One of the simplifying assumptions often made in 
empirical demand study is that tastes and preferences remain 
constant. Generaliy speaking, as long as the time period 
under consideration is relatively short, this assumption does 
not posedia se ri.ous@dit ficultyline demand-projecti ontseonce 
this assumption is made, it is easy to specify a quantita- 


tive demand model, which may be expressed in the following 


manner: 
Q=N F(P. eae Y2) Amey) 
where Q = total market demand for a commodity per unit 
of time, 
N = number of consumers per unit of time, 
P. = price of commodity i per unit of time, 
T= arereeees is 
n = the total number of commodities available in 


the market per unit of time, 


Y = per capita consumer income per unit of time. 


In the study of demand for food in a developing coun- 
try, it is often necessary to make further simplifying 
assumptions owing to paucity of data and the nature of mar- 
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ket structure. For instance, in Ethiopia, where a signifi- 
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cant non-monetized sector exists, absolute money prices 

are less important than relative barter terms of trade in 
projecting demand for food. But since price data, be they 
absolute or relative, are extremely hard to obtain in 
Ethiopia, it is necessary to assume that prices remain 
constant and base demand projections on the restricted vari- 
ables of population and per capita income. The mathematical 
derivation of a demand projection model for food based on 


these two variables alone can be illustrated as follows: 


he NCO AD (A.2) 
where Q = total demand for food per unit of time, 
N = population per unit of time, 
Y° =} per capita income per “unit of time, 
P = food price index assumed to be constant. 


Assume the implicit function (A.2) takes the specific 
form of a Cobb-Douglas function: Q = N(kyY"p£), where n and 
e along with k are unknown parameters. Through simple mani- 
pulation of this explicit Cobb-Douglas function, it can be 


shown that 


(A.3) 
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That is, the rate of change in food demand is equal to the 
rate of population growth, the rate of change of the pro- 
portion of income spent on food and the rate of change of 
prices. In this equation n and e are income and price 
elasticities of demand for food, respectively. 
SincesanicdialilyeP, is assumed to bewconstant., 4.e.; 
ae = 0, equation (A.3) reduces to: 


dy 


dQet x ay. 
Q Y 


N 
Cena n (A.4) 


Hence the rate of change of quantity demanded is the 
sum of the rate of change of population plus the income 
elasticity of demand multiplied by the rate of change of 
per capita income. 

This model is, at best, a very naive model, but des- 
pite data and other limitations, it seems to provide reason- 
able estimates. According to this model, in order to 
obtain a rough estimate of quantity demanded at some future 
date, all one needs to know is the base year consumption 
level, the rate of population growth, income elasticity of 
demand for food and the rate of change of per capita income. 
These variables can be estimated fairly accurately for 
Ethiopia and this fact makes the present model more attrac- 
tive than the more elaborate models whose highly detailed 


and massive data requirements cannot be met under existing 


conditions. 
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Given the above theoretical formulation then, the 
rate of change of demand for food in Ethiopia can be approxi- 
mated if the rate of population growth, the income elasti- 
city of demand for food and the rate of change of per capita 
income are known. It is, therefore, necessary to pay atten- 


tion to these variables. 


Rate of Population Growth in Ethiopia 


The average annual population growth rate in Ethiopia 
over the last decade (1961-1970) was estimated at about 1.9 
percent (Table A.1). This relatively low rate of growth 
was largely attributed to high mortality rates rather than 
to low rates of fertility. Certain inherent factors, how- 
ever, seem to indicate that population growth will speed up 
considerably in the 1970's and 1980's. For instance, the 
growth rate had already climbed to 2.3 percent between 1969 


] 


and 1970. Later estimates show that the population took 


2 Indeed, there 


a 2.4 percent jump between 1971 and 1972. 
is every indication that the average annual growth rate for 
the present deacde will be in the order of 2.5 percent per 
year. 


Among the indicators of future rates of growth are 


the age and sex structure of the popula tion. Sere? oF Hic Tal 
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population estimate for 1971 indicates that 55.7 percent 
of the population was 19 years of age or less, with an 
approximately 50:50 sex ratio. This means that the seeds 
for a more rapid rate of population growth in the coming 
two decades have already been sown. Furthermore, so far 
no official policy has been adopted to regulate the rate 
of population growth. Even the modest measures in family 
planning that have become a common feature of community 
development programs in many developing countries are con- 
spicuously absent in Ethiopia. Therefore, in the foresee- 
able future, as improvements in health care and sanitation 
continue to reduce the mortality rate without any correspond- 
ing restraint on the fertility rate, the Ethiopian popula- 
tion will continue to expand at an accelerated rate. 

The high rate of population growth will, no doubt, 
place an upward pressure on total demand for food. This 
pressure, however, is likely to be distributed unevenly 
between rural and urban areas. Currently, the urban popula- 
tion is estimated to be growing at the rate of 6.6 percent 
and is expected to double in 11 yearss! The urban centers, 
therefore, constitute areas of strong potential demand for 
food, 

The picture that emerges then is that there will be 
a strong upward pressure on demand for food as a result of 


rapid population growth in the years ahead. The rate of 
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growth in demand arising from population growth alone can 
be expected to be in the order of 2 to 2.5 percent per 


year in the 1970's and possibly the 1980's. 


Per Capita Income 
Per capita income in Ethiopia, expressed in 1961 
dollars, increased at an annual average rate of 2.1 percent 
over the last decade (1961-1970, Table A.1). But national 
income is by no means evenly distributed in Ethiopia. There 
is a huge disparity in income distribution among regions 
and social classes. 
Average personal incomes are much higher in the urban 
areas than in the rural areas. In general, most of the 
cash income, and hence, effective demand for food, is con- 
centrated in the hands of the relatively small urban popula- 
tion. A 1969 study by Stanford Research Institute! revealed 
the following salient facts pertaining to per capita income 
in Ethiopia. 
1. Urban per capita income averaged an estimated 
E $415 while rural per capita income averaged 
only an estimated E $107. 
2. Urban per capita income is rising substantially 
faster than rural income -- 5.4 percent annually 


between 1962-67 compared with 0.5 percent. 


ee 


rene Theody, Marketing of Grains and Pulses in 


Ethiopia, Report No. 16 (Menlo Park, California: Stanford 
Research Institute, 1969), p. 35. 
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3. Urban incomes are mostly monetized while rural 
incomes are mostly imputed values of subsistence 
consumption. 

4. In both urban and rural areas, income distribution 
is exceedingly unequal. 

Given these basic facts it is clear that the vast rural 
population has extremely limited purchasing power, and this 
lack of purchasing power, to a large degree, explains why 
nutritional intakes are very low and malnutrition is more 
endemic in the rural areas. 

In more recent times, it has been increasingly recog- 
nized that it is a primary responsibility and moral obliga- 
tion of government to see that every citizen is provided 
with the basic necessities of life, especially basic food- 
stuffs. The government, therefore, must either create 
conditions and policies whereby physically and mentally able 
individuals can be gainfully employed and earn a living, or 
it must institute massive redistributive and welfare schemes 
to ensure that everyone will have access to basic necessi- 
ties. Indeed, a society that ignores this fundamental 
responsibility cannot remain viable in today's heightened 
social and political consciousness. It is in this light 
that the whole food and population problem in Ethiopia 
should be viewed. 

In summary, per capita income in Ethiopia made an 
dnnual average gain of 2.1 percent over the last decade. 


It seems reasonable to expect this rate of growth to continue 
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into the next decade as well. But the impact of the rise 
in per capita income on demand for food will depend on the 


income elasticity of demand. 


Income Elasticity of Demand for Food in Ethiopia 


The level of family income has a profound effect on 
the quality and quantity of food consumed. It is a well 
established economic phenomenon (Engles law) that low income 
families spend a very high proportion of their income on 
food, but as income rises this proportion progressively 
declines. Changes in family income affect both the quantity 
and pattern of consumption. In general, the responsiveness 
of food demand to changes in the level of income is measured 
by the income elasticity of demand. According to Engles 
law, the income elasticity of demand for food as a whole is 
between 0 and 1 (i.e., demand for basic necessities is 
inelastic). 

Since family incomes are very low in Ethiopia, one 
would normally expect a high (i.e., close to unity) income 
elasticity of demand for food. However, as development 
takes hold and incomes rise above the biological and socio- 
logical subsistence levels, demand elasticity can be 
expected to decline but always remain above zero for food 
as a whole. 

The pattern of consumption also tends to change con- 
siderably with increases in income. As their income rises, 


families will tend to shift consumption from cereai and 
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starchy based diets to more proteinous and fatty diets such 
as meat and dairy products. Therefore, within the various 
Pood groups sm Pris possible thatetite elasticity for some 
products will decline below zero (inferior commodities) 
while for others it will be relatively high. 

In Ethiopia, only a limited number of family consump- 
tion studies are presently available. But these do confirm 
the general suspicion that the income elasticity of demand 
for food is relatively high. The estimates available vary 


between 0.7 and 1.03 for food as a whole.” 


For the purpose 
of this study, however, an average figure of 0.8 has been 
adopted. 

Using the above values for the variables in the demand 
projection model (equation (A.4)), one can determine some 
general future trends in the demand for food in Ethiopia. 
According to the model, demand for food in Ethiopia can be 
expected to increase at a rate of between 3.68 and 4.2 per- 
cent per year during the period 1970 to 1985. At an average 
annual growth rate of 4.2 percent, the 1985 demand for food 
in Ethiopia will be almost double that of the 1970 demand 
(Table 1.8). 


The model is limited to domestic household demand and 
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| For a discussion of rural and urban household con- 
sumption studies refer to: A.R. Theody, Marketing of Grains 
andaPulses in Ethiopia, pp. 39-392 sSeecalsop fue Os 
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hence does not take into account industrial and export 
demands. Export sales, which almost exclusively are com- 
posed of farm products, increased at an annual rate of 4.6 
percent between 1961 and 1970 (Table A.3). The trend jis 
for continued strong export demand, particularly for such 
commodities as pulses and oilseeds. Anticipated industrial 
expansion and strong export demand will therefore impose 
additional heavy demands on farm output and resources. 

In general, then, there will be a strong upward pres- 
sure on demand for farm commodities (foodgrains in particu- 
lar) in Ethiopia in the years ahead. The main sources of 
this pressure will be the rapid rate of population growth 
and, to some extent, increases in per capita income. Indus- 
trial expansion and export demand from abroad will also 
continue to exert strong upward pressure on demand for farm 
commodities. Consequently assuming a high rate of popula- 
tion growth, the overall demand for food in Ethiopia can 
be expected to increase at a rate in excess of 4.2 percent 
per annum between 1970 and 1985. 

This. discussion has so'ftar concentrated son vonly sone 
Side of the food picture. * Tor complete the picturevotetne 
food problem in Ethiopia, one must look at the supply side 


also. 


M02, O18 

a. bho ates. Tounney ns 286 | : 

at baad: oT, (e,Aeat dat), ORF 6 
‘doe 10% eivétustdrgg, «bnamab 24 . , | ee 

etateubat hageqiatamA... yebasatto yas sozivqies esttthonon iv 

sapqni ovation sat, Friw basnab, S109xs gnovse bas matensgee 
.2o07o2e4 ‘hoe: Jugaso. mst, ‘no abnsnob yyood fenots tbbs Bi 
- 


2st brvewgu enors 2. 90 Ii tw eneds odd Fsyonae bs 90% 
-vattrsq. at entereboo?). 291 ttbommo2 wet 70% baste novonwe 
Ye asanyor atom 9d.» -boode 2768 ods at stgotdsa ty vat 
dsworg notdsTuqog Yo, ef 8% btqss and od ftw evwazenq2bat ar 
-aybnd vemoant s2ta8o 294. at agenoront «Anadis; om08 (aS, «bas | 
| oat iw bsonds mont bnamab $109xo, bas nosensgxs (atnd 7 
uve not baemad, no srueeerg, baswqs ‘pudyse tnexo-of oumignge iio 
: , luge. to een ‘dpi « patmuess. \lSnsupsenod: Jeottibowmo2 7 . 
n62 atgo tsa at boot yo? basmab (I st9vo add .dtwou, note 
dno" 94 $4 te pe82K8 at e36% rs ts szssvanh 09, besoeque od 
880 ‘bos over naowsed. aunas.veq . 
‘eng eno 00 basexdngpnon, 187 pe end noteevaetb, ataty: ! ri 
ona to pinastq end staf qmoo ot ewdatg boot ona to gbte 
abte ubgque, als zn ool t2ua 9no sstgotiag wt astdons boot 


; 


’ pore 
* e _ een ——— & 
a. a 5 , ee oa Me. Ky , bet eu Re xG4T ge Sy 
. : gw igibeee - apa 
% aden © 44 Che oe aia. St ee 


33] 


Food Supply Projection for 
Ethiopia, 1970-1985 


Among the main factors that affect the total domestic 
supply of food in a given country at any given time are the 
price of food itself, the availability and price of produc- 
tion inputs, the levei of technology, weather conditions, 
the expectation and preference of producers and government 
farm policy. Any systematic projection of the future supply 
of food therefore requires the accurate prediction of the 
future levels of these factors. Needless to say, some of 
the crucial variables, such as weather conditions and the 
rate of technological change, cannot be predicted with an 
acceptable degree of certainty even over a relatively short 
period of time. The prediction of future price levels is 
aiso equally risky even in situations where reliable data 
are available from past records. Given the paucity of data 
and the large number of unknowns in the Ethiopian agri- 
cultural production system, it does not seem advisable or 
practical to utilize elegant models to arrive at projected 
future levels of food supply. Nevertheless, some tentative 
estimates based on historical trends in the food production 
sector may prove helpful. 

Past trends in agricultural production as a whole 
have not “been SatistactOLy.s cl ule 9OUmS, saGG CulcUGal 
output increased at an average annual rate of 2.0 percent 
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supply, that is, the average growth rate of the crop and 
livestock sector, for the same period was only 1.9 percent. 
Most of this increase was obtained through the expansion 
of croplands rather than through increases in yield. 
National average yields of practically all foodgrains, oil- 
seeds and pulses showed hardly any increase between 1961 and 
1970. During the same period, however, cropped area 
increased at an average annual rate of approximately 1.1 
percent, up from about 9.0 million hectares to approximately 
10.0 million hectares. |! 
The Third Five Year Plan (1968-1973) projected an 
annual growth rate of 3.1 percent, in value terms, for the 
agricultural sector as a whole during the pian period. The 
projection was based on the expected expansion of the pea- 
sant subsistence sector (1.8 percent) and the commercial 
farming sector (6.3 percent) .¢ Among the measures planned 
to encourage production and provide incentives were the 
provision of commercial fertilizers at reasonable prices 
through the "minimum package program" and the improvement 
of the grain marketing structure. As it turned out, the 


Third Five Year Plan was thrown off course by unfavorable 


weather conditions and political upheaval, and it is not 


er 


Computed from data obtained from Imperial Ethiopian 


Government, Central Statistical Office, Ethiopia: Statisti- 
cal Abstract, 1963 through 1971. 


2 Imperial Ethiopian Government, Third Five Year 
Development Plan, W968-197350p.8 201. 
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known how much of the planned target was achieved. Never- 
theless, it is widely regarded that the fertilizer program 
has been moderately successful at least in some parts of 
the country. More important, however, the direction set 
by the "minimum package program" seems to have resulted in 
substantial increases in crop yields in the foodgrain pro- 
ducing areas of Ethiopia. 

In the final analysis it seems reasonable to expect 
that between 1970 and 1985 the new farm programs, including 
the “minimum package program" and the land reform program 
announced in March, 1975, may help increase the average 
annual growth rate of foodgrain production to between 2 and 
3.5 percent. In this study supply projections have been 
made for selected food commodities for 1980 and 1985, assum- 


ing an average annual growth rate of 3.5 percent. 


Demand-Supply Comparison 


From the foregoing discussion, it is quite clear that 
in the foreseeable future projected demand for food in 
Ethiopia will exceed projected supply, assuming price 
remains constant at the 1970 level. It is estimated that 
demand for food will increase at a rate of 4.2 percent per 
year between 1970 and 1985, and at this rate of growth, the 
quantity of food that will be demanded in 1985 will be almost 
double that of the quantity demanded in 1970. The available 


evidence indicates that this level of growth in demand will 


iearnayccanety : $i : eee 


ee amoz At deaat,26 9 
+4 siti lhe 
nt partuzes eved sd amen2, “menpord 2 
-o1g, atsghoot edd. at, 2blety qorxg W nat Istineded 
ae SI oe wee prarrienirs : ie 

soeqxe p23 sidenoesey.zmese af. ateyfens. feat. andi. AL nop y 
onthuloat ,2mstgotg myst.won and Bet bys, Ves 
mexporg motes baal eds bas. *ms19074.sg64aeg a 
prays ods ganeron).alod.van «2K@t atovalhat hesmncene 
bn. & neqwisd.od susuiin cin (> fe eat a 
_noad ven ame ttpaband, ysamue. whude, 2tdd okie 199 | 


te ee a 
~mu2es . B8RL, ban 08S 10%. “getdibeaned boot badpetes OR 
sendnanng, Rye Ashes, sane Causigs, 2698X8, 

PY : oe Ss Pil 7. de pl) aa fe =, a 4 Foe tS * pepe laa nie - 
2 eet ROD Pa hiaaistong cee bi wen a) oe 

_ gy ee hes ae ST —— 

snd vast astup et +f anotaeuvetd gatopera? ot a oon. . 
at boo? ‘vor boansb, hetostovg swdut sldess2e70? ott pt _ 

: ¥r3 a tara Stars 26s 

hen pnimuzes etqaue bstaetorg: basoxa Titw tw stgotdga . 

der3 bet puttae wt hoe . Favret over ons te dnstenoo Fiat prorat 

23 See aoe are 4 60n@e | . 
199g dnpo%g %. , Yo a8 i 6 sesstant rity booy x08 ‘base aA 
=) : 


ot visor Yo. otey atid ts bas ceoet bas oter a 


ie A S 


scontd od tw Beer, nt bebpkpeh 9d Tit jah Math 


oldeltevs ont over “nk. babaaneh vitsisup oe Fe : « 


i 
t LP Pinas 
P 


(fiw enismatb: we vtaworve to raver aris oad sneugeler? seamen 


sharia. 


334 


be sustained as rapid population growth, increasing urbani- 
zation, rising incomes, export sales and industrial expan- 
sion continue to put strong pressures on demand for farm 
commodities. 

Food supply in Ethiopia, on the other hand, is not 
expected to grow by more than 3.5 percent per year over the 
period 1970-1985. |From all andications #uceappearsmtunart 
the actual average annual growth rate in food supply will 
be between 2 and 3.5 percent. However, even a 3.5 percent 
annual rate of growth would still result in substantial 
supply shortfalls by 1980, and if this rate continues un- 
changed up to 1985, the annual production will only meet 
about 85 percent of the 1985 demand (Table A.6). When com- 
paring the demand-supply situation, then, the emerging pic- 
ture is one of persistent excess demand over the next 
decade. Evidence of excess demand is already showing itself 
in soaring commodity prices and acute regional shortages. 
In all likelihood, therefore, it appears that the country 
will experience a period of prolonged food crises unless 
substantial investment is made in boosting food production 
in the shortest possible time. 

This gloomy prediction is shared by several authors. 
Assefa Bequele and Eshetu Chole, | for instance, attributed 


the lag in Ethiopia's economic development to the slow pace 


| Assefa Bequele and Eshetu Chole, A Profile of the 
Ethiopian Economy, Pp. 34, 
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and backwardness of agriculture. They particularly pointed 
out the critical state of the food supply and indicated 
that food production would have to increase by 4.5 percent 
per year if the country were to raise the per capita daily 
calorie intake from 1,622 calories in 1965 to 2,300 calories 
in 1972. In retrospect, the records show that food output 
increased by only 1.9 percent per year during that period. 
Clarence J. Miller and others, in their report on 
"Production of Grains and Pulses in Ethiopia," | expressed 
serious reservation about the country's ability to remain 
self-sufficient in food production in the 1970's and 1980's. 
They specifically stated that Ethiopia has been barely self- 
sufficient in cereal grains since the mid-1950's and that 
they seriously question the country's ability to meet the 
grain requirements of an expanding population during the 
coming decades unless production is materially increased. 
Essentially the same concern was expressed by the 
Inter-Ministerial Committee on Regional Aspects of National 
Planning in Ethiopia in its 1967 report.© Based on analysis 
of data on food production and population, the Committee 


concluded that significant portions of the country have 


! ClarencesJ.—Mi-leLermye-et al., Production of Grains 
and Pulses in Ethiopia, Report No.0 (Menlo Rark eet lit orni a: 
Stanford Research institute, 1969), p. 1. 


é Imperial Ethiopian Government, Ministry of Planning 
and Development, Regional Aspects of National Planning in 
EthiopiaipPart | aR Ababa: Ministry of Planning and 
Development, 1967), pp. 29-35. 
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serious food deficits and that the national food intake is 
too inadequate from the calorie and protein points of view. 
A more recent study by Blakeslee, Heady and Framingham’ 
predicts that there will be a significant excess demand for 
major food products in North Africa in 1980 and 2000 even 
under the assumption of low population growth rates and con- 
stant per capita income unless production is stepped up 
Substantially. They summarize the results of their analysis 
in the following terms: 
The summary of the projections for North Africa can 
be brief. Present rates of agricultural production 
are less than necessary to meet almost any foresee- 
able pattern of demand, and continuation of past 
production trends would result in steadily worsening 
production demand comparisons throughout the period 
under study.2 
Many similar instances could be cited here, but in 
the interest of brevity, the above will suffice. While the 
evidence clearly indicates that Ethiopia will continue to 
face a prlonged period of food shortages, it is possible 
that the dire consequences that follow from such a state of 
affairs may not be fully apparent to policy makers so as to 
elicit immediate corrective action. It is therefore import- 


ant to illustrate some of the likely consequences that will 


result from persistent food shortages. 


Ceroy L. Blakeslee, Earl 0. Heddy, and Charleser: 
Framingham, World Food Production, Demand and Trade (Ames, 
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The implication of prolonged food deficits for 
national welfare and economic development are far reaching. 
At the outset, it should be realized that the adverse 
impacts of food scarcity will be felt unequally among 
regions, social classes and even various age groups within 
the family. Food shortages often result in immediate dis- 
asters in those rural areas where deficits normally exist. 
The peasantry living in these regions become afflicted with 
widespread destitution, famine and subsequent mass deaths, 
the moral and ethical dimensions of which are beyond descrip- 
tion. 

Food scarcities also play havock with general economic 
stability and stifle economic development. For an economy 
such as Ethiopia's, one almost entirely based on subsist- 
ence agriculture, any perturbation in this sector will 
immediately be felt throughout the economy as a whole. A 
food crisis in Ethiopia, therefore, will inevitably lead 
to a general economic crisis and thereby compound the diffi- 
culties of economic development. 

An ample supply of food available to the population 
at reasonable prices is a prerequisite for economic develop- 
ment. It is often difficult, if not impossible, to achieve 
sustained development in a nation laboring under widespread 
scarcities of staple commodities and ever rising food prices. 
Given the circumstances of the Ethiopian economy, with its 
great dependence on traditional agriculture and limited 


capacity to import food from abroad, a poor performance in 
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domestic food production imposes a severe constraint on 
economic development. 

While the consequences and implications of food scar- 
city for economic development are very broad, they more 
specifically manifest themselves in such ways as reduced 
or impaired labor productivity, depleted foreign exchange 
earnings, reduced industrial activity and rising unemploy- 
ment. These points, however, do not exhaust all the diverse 
ways in which food shortages can impair development and 
hence perpetuate the vicious circle of poverty among the 
population. Needless to say, food scarcity adversely 
affects the entire range of human activity. The provision 
of complete and adequate food supplies, therefore, is not 
only a measure of development in itself but is also a means 
to further growth and progress. 

While the food problem undoubtedly stands out as the 
problem of highest national priority aneethiopia, che pro— 
blem of providing employment for the rapidly increasing 
labor force seems to be equally urgent. There is widespread 
unemployment and underemployment in Ethiopia and the unemploy- 
ment rate may be expected to rise as the population increases 
in the years ahead. The food and unemployment problems, 
therefore, are the "twin" problems that require urgent 
corrective action if the well-being of the Ethiopian people 


is to be improved. 
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ment praject. Assuming that a clear anid valid vend for the 
‘Project has been establithed, the project must pass ot 
‘Yeast Tiwe tests before it can be seriously considered for 
inves tment (Figure 2.1), These tests are essential because 
they help to discriminate between those projects that have 
a high probability of being Wable over the long run and 
those that have Tittle or no chance of success. 

The first of these tests is the technical feasibility 
of the project... Be foreARRENDINSBruction can even be con- 
templated, the project must be shown to be tochntcelly 
feasible and structurally capable af producing. the goods 
and services it is intended. to produce ata specified level 
of ehtictancy, in other words, thé project must Se sound 
and Viable from the engineering potnt *f view. 

The second test is that of economic feasibility. Not 
a1] technically feasibis projects are economically feasible 
as well. The test of economic feasibility fs passed if the 
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Steps in Public Project Development 


Normally, there are a certain number of necessary 
steps that must be followed when developing a public invest- 
ment project. Assuming that a clear and valid need for the 
project has been established, the project must pass at 
least five tests before it can be seriously considered for 
investment (Figure B.1). These tests are essential because 
they help to discriminate between those projects that have 
a high probability of being viable over the long run and 
those that have little or no chance of success. 

The first ofFthaseltestsAisethettechnical feasibility 
of the project. Before its construction can even be con- 
templated, the project must be shown to be technically 
feasible and structurally capable of producing the goods 
and services it is intended to produce at a specified level 
of efficiency. In other words, the project must be sound 
and viable from the engineering point of view. 

The second test is that of economic feasibility. Not 
all technically feasible projects are economicaily feasible 
as well. The test of economic feasibility is passed if the 
present value of social benefits resulting from the project 
exceeds the present value of social costs. But in the 
face of budget constraints.) 000 alloprojectsewith positive 
net present values can be constructed. Of all the projects 
that are economically feasible, perhaps only one, or at 


best, a few, can yield maximum returns to a given budget 
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allocation at a given period of time. 

Financial feasibility is the third test that is 
applicable to public project evaluation. A proposed pro- 
keGthcincuys yoos ts, no ton hy, durin g athe gin iti alep eniiod ,oF. 
construction but also throughout its productive life. 
Aithough a major part of the cost involves the construction 
cost, the project requires annual expenditures for opera- 
tion, maintenance and replacement over its economic life. 
The public decision-making entities must decide how these 
costs are to be paid, whether or not the initial investment 
aos Gs, arcat o ibe wKeimbunsed,..and aakf <SO..hOWaNUGh Gf -i.Gels 
to be repaid, who should pay it and how the repayment is 
going to be coilected. These problems become particularly 
complex if the general rule that payment should be made in 
proportion to benefits derived is to be applied. The social 
benefits accruing from a project, as a general rule, are 
so widely distributed throughout the economy that seldom 
Lficat ~alkb canethey «bea traced+toythesfiinal.point of incid- 
ence. Although there are certain immediately identifiable 
beneficiaries of the project, it would be unfair to expect 
them to bear all the costs since they do not derive the 
entire benefits. Financial analysis attempts to resolve 
these and similar matters and makes adequate provisions to 
ensure that the necessary funds can be made available not 
only to construct the project but also to operate and main- 
tain it over its productive life. 


The final test for a project 1s) 7ts. Mmstitutiona! 
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feasibility. This refers to the political and social 
acceptability of the project. The final decision regard- 
ing a project lies within the political process, and its 
Success in the long run largely depends on the willingness 
and cooperation of the people who will be directly affected 
Dy it. 

If the proposed project is politically and socially 
feasible, the final act is to implement it. How the pro- 
ject is implemented, of course, will determine whehter it 
will fail or succeed in achieving its goal. Important as 
it is, the planning exercise alone cannot ensure success. 
Plans must be effectively and efficiently implemented if 
their stated goals are to be achieved. Managerial talents 
and skills are, therefore, particularly crucial factors in 
project implementation. The search for competent managers, 
j.e., those special breeds of people who have the ability 
to organize, control and efficiently operate an organization, 


should be part of the project planning process. 
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TAB EEG 


MANPOWER COSTS IN ETHIOPIA 


ae eee 


Re eT UR NR 


Category Wage Level 
(In 1970 
Ethiopian Dollars) 
Farm Manager 1,250/month 
Foreman 500/month 
Skilled Mechanics 6.00/day 
Tractor Operators 5.00/day 


Unskilled Workers 
Oxen Plowing 1.75/day 
Weeding-Thinning 1.50/day 


Harvesting 


Cotton 0.05/kilogram 
Maize Teb0yqusimn tall 
Grains 1.507 00a teal 
Oilseeds 1.50/quintal 
Seeding 1b 0/cay 
General Loy Gay 
Clerical 5.00/day 
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SOURCES? C.F. Miller, et ale, oystems Andgtys ts 


Methods for Ethiopian Agriculture re (Menlo 


Park, California: Stanford Research 
Institute, 1968); and M.E. Quenemoen, 
Potent iad Returns from Commercial Farm- 


ing Systems in three Areasof Ethiopia 


(Dire Dawa: H.S.1.U. College of Agri- 
culture, 1968). 
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TABLE ES Cons 


LABOR PERFORMANCE COEFFICIENTS UNDER TRADITIONAL 
PRACTICES IN ETHIOPIA 


Man-Days of Labor/Hectare 


Operation Cereals Oilseeds Pulses 
Oxen Plowing a 4 4 
Broadcasting and 

Plowing Seed Under Z Md 2 
Ist Weeding and Cultivation 18-24 18-22 -- 
2nd Weeding 12-20 12-18 -- 
Cuctingmwand stalking 8-16 10 10 
Threshing and Cleaning rc) 4 | 4 
Bagging, Transporting 

and Storing re Z 2 
Irrigation 25-35 29=39 EBs 


SOURCES: BoE. Millersand.t. Makonnen, Onganizeationsand 
Operation of Three Ethiopian Case Farms, Exp. 
Station Bulletin No. 35 arr Dawa: Imperial 
Ethiopian College of Agriculture and Mechanical 
Arts, 1965); and T. Makonnen, "Interregional 
Competition in Ethiopian Agriculture" (Unpub- 
lished Ph.D. Thesis, University of Alberta, 
Uo 73). 
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LAB Lbs. C4 


RATE OF MACHINERY PERFORMANCE IN ETHIOPIA 


(One Tractor and Equipment) 


Lowland 
Type of Highland Sandy to Sandy 
Operation Heavy Clay Soils Loam Soils 
Plowing 2a Naey oe. AAR TW (oles! he OR 
WSO ES Cn 5.0 na.’ Sanre 62 0ghas/S hrs. 
2ndepiscing 8.0 ha@/sohr. TO. 0sha.Ws nr 
Making Ditches 32.0 ha@/sohr. 33-0 MN aL ge nie 
Ridging 3.0 has/sohr. oO Rha Gea nn. 
Threshing 35.0 quaintals/& hre 35.0 aquinitals/8 hry 


SOURCES CE... Millet. etual .Systensoanalys isevethnodsadon 
Ethiopian Agriculture Mente Park. Galtrornia: 


Stanford Research Institute, 1968); and M.E. 
Quenemoen, Potential Returns from Commercial 


Farming Systems in Three Areas of Ethiopia (Dire 
Dawa: H.S.I.U., College of Agriculture, 1968). 
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CROP HANDLING COSTS 


(Crop Handling Costs) 
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Cee A ON ee a Nc EN NE ER eR nN NE RR A RR TL RR ET A NE 


Tobe ae eee 
Crop ($/sack) ($/sack) ($/sack) $/sack $/100 kg. 
(In 1970 Eth.adol lars) 

Cotton 0.50 0.20 0.20 0.90 ne 
Sorghum be35 0.20 Ves (eres) |) Tee) 
Maize 1335 One 0325 is80 1780 
Grains 1445 0.30 Ceo 2.00 2.00 
Oilseeds 1450 0.30 uly ra ES 2705 
Pulses i ei) Dire 0 Gece eee Pou 
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SOURCE Choe M @ Ley. led Jer, aye cers Analysis Methods for 
Ethiopian Agriculture (Men 
Stanford Research Instit 


enlo Park, California: 
utew 1968). 
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